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PREFACE  TO  THE  FIRST  EDITION. 


Although  the  subject  of  lubrication  and  lubricants  is  by  no 
means  unrepresented  in  our  technical  literature,  we  are  not 
acquainted  with  any  one  work  in  which  it  is  adequately  treated, 
in  the  light  of  our  present  knowledge,  from  the  point  of  view 
of  the  engineer  and  also  of  the  chemist.  Nevertheless,  it 
was  not  without  considerable  hesitation  that  we  accepted 
the  invitation  of  the  publishers  to  write  a  treatise  on  the 
subject. 

So  much  still  remains  to  be  learned,  relating  to  the  chemical 
constitution  and  physical  properties  of  lubricants,  and  also 
regarding  the  manner  in  which  they  act,  under  certain  circum- 
stances, in  reducing  friction,  that  we  cannot  claim  to  have 
produced  a  complete  treatise.  We  trust,  however,  that  our 
^work,  though  necessarily  incomplete  in  many  respects,  will 
^  prove  of  value  to  the  engineer,  the  chemist,  and  the  manu- 
facturer. 

Being  the  joint  production  of  a  chemist  and  an  engineer,  the 
^  responsibility  for  the  chemical  and  mechanical  sections  of  the 
B  work  must  necessarily  rest  mainly  upon  one  or  other  of  the 
authors ;  the  purely  physical  sections  are,  however,  to  a  large 
J  extent  of  joint  authorship.  Our  object  has  been  to,  as  far  as 
I    possible,  make  each  section  complete  in  itself.     In  the  first  four 


■-^-4..  -:  ii.*_i_ —  Hi.' .—  Tz'::  ^  >  _i:  .=:  « jf* .  il  ibe  Svesnc- 

^t  :•.-  V"'.  4.:.  :-  v  ::i,4^  :i*i.;':.r!rr  ltt  is^v-x^ti  to  a 
I'ts.  ;•. -  :.•  1  i«:  1  — -  :.*•-■  i  •:  '_i't  ic-u'.ij.al  iTcLi-i-iiizn  •:<  lubri- 
.\Li:i'  ::   ii.:.  i—i-r"   :  :  "Li't  ^-u^i  *c   :i:  r-i^ijiii^  fricdon  and 

"ffT-L-      1::  :.:■:  ^t^r    -l^vt*    v  :_■  :  ij^   ;te»rc  "ari^^irr:  cLieflv  for 

• 

i-s: -^i^•:  V  :. . :   :,.-:  i^r-i*.'    ei:  —  :t  ill"  :r=a:€»i  ic  earlier 

7.  T  ids..:.-. :.  :r  :  „-:T-rV-i^  l^u/l:jl'^  il  :lr  liipter  on  the 
^-v :_-.-_.. J.1  :.-r:_^  :  1.  :.  ;i>  ^:-  1;-=*^:  ilzie:  enrinelv  on 
:":  '..y.^\  ::  :  :_.:.:.  .  ..-  j_  :  ^  :i.f::-z:::  li-  for  iheir 
L-ini:  1^-..  .  -"_  7:1  ---  J  . -j  tf^rL  ziiir  :■:  ?:i:e  the  con- 
■L: :  :L^    . l .'.- :    ••  . : . . .  : v:?:^^  :_  i     .*z  :. i  i .   :  :  " .  iliness*  *'  or  for 

• 

vis.  5::;.  L_  ...  :::.:  ':.i?  .»i-. l  -•7::-t-  r.  i':.r  sulject  being 
"LfiuLi  .  ^v::.j  :  .:.  -.,1:  .:  V:_  ->.;:-  :■  Li'emiLj  the  con- 
ri::::L?    .:..:t:  w: :..:;-c  :.•.   i:.:^:::^:?   .:  li. ricanis  are  of 

F-r  :1.'-  :':.i. :y  :  \:^:. ..-  1.;*  ....^::.:l  -a.-:  :^z\  in.'elted.  firstly 
to  th»f  e.\>?ri:::-:L:.»'.  a  .  :k  .\.:r!--".  . .::  :.:  ::.-.  Insiiruiion  of 
Me^.hunic.'il  K:lJ:::^•e^^  Iv  Mr.  iW.- ...':. a::: :  T.-.vvr,  aii'.I  secondly, 
to  ih';  tLe«>reii':a'.  t:X[''.:»:.i::  ::  ■  :  Mr.  T.  v^vr  ?  rv^iilts  commuui- 
r?u/:d  to  th'.-  lioval  .S  .::e:  V  Iv  Tr-  :■  ^^:-^  0< '  :r-e  KevnoMs,  F.K.S. 
Without  lo^iii;:  si /lit  of  the  Viiluiule  w  rk  ^I.-l-l*  '  v  i.-iher  investi- 
^^itorH,  aiiioii;r-t  whom  sliouM  le  inenii  ne  i  Pr«  lessors  Thurston 
ami  O^Kidinan,  also  Mr.  Veitch  Wilson,  who.  as  a  manufacturer, 
\tii-'.  J;il;oiir<:'l  for  so  many  years  to  spread  a  correct  knowledge  of 
l\tt'.  uiiliin:  snii\  proiifjities  of  lubricants  amouLr  users,  it  is  not 
too  iuHf\t  lo  r-.ay  that  tlie  work  done  by  Mr.  r>eauchamp  Tower 
and  rrofi/v.'ir  OhIioi'ih!  liJjyiiolds  has  been  mainly  instrumental 
IN  l<!fidiii(^  to  th<!  adopt ir>n  of  wientific  methods  of  lubrication, 
and  haM  muiblud  thu  part  played  liy  the  viscosity  of  the  lubricant 
Ut  \h\  f'li'arly  Htat<'d.     An  (jipially  complete   treatment  of  the 
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theory  of  oiliness  or  greasiness  is  at  present  impossible ;  but  the 
bearing  upon  this  important  branch  of  the  subject  of  the  in- 
vestigations on  the  stability  and  thickness  of  liquid  films  carried 
out  by  Professors  Keinold  and  Eiicker  has  been  called  attention 
to.  Lord  Bayleigh's  contributions  to  the  theory  of  superficial 
forces  have  also  enabled  us  to  show  the  important  part  played 
by  superficial  tension. 

The  adoption  of  more  correct  ideas  concerning  the  theory  of 
lubrication,  and  the  demand  for  machines  of  greater  efiSciency 
and  power,  have  led  to  very  rapid  improvements  in  the  designs 
of  bearings  and  in  the  methods  of  applying  lubricants.  Since 
we  undertook  to  write  this  work,  great  progress  has  been  made 
in  this  direction.  Every  endeavour  has  been  made  to  give  the 
latest  practical  information,  and  we  trust  that,  in  giving  pro- 
minence to  new  designs,  we  shall  not  be  regarded  as  having 
passed  over  with  undue  haste  older  methods  and  principles 
which  still  commend  themselves  to  many  practical  engineers. 

Owing  to  the  advances  made  during  recent  years  in  the  manu- 
facture and  refining,  as  well  as  in  the  methods  of  application  and 
testing  of  lubricants,  it  is  too  much  to  expect  that  the  information 
which  we  have  sought  to  convey  is,  in  all  respects,  up  to  date. 
We  shall,  therefore,  gratefully  welcome  any  suggestions  on  the 
part  of  our  readers  which  may  enable  us  in  a  future  edition  to 
remedy  defects  and  supply  omissions. 

References  are  given  throughout  the  text  to  the  chief  literary 
sources  whence  we  have  derived  information.  In  the  case  of 
chemical  and  physical  papers  appearing  in  foreign  periodicals, 
we  have  referred  chiefly  to  the  valuable  abstracts  published 
by  the  Society  of  Chemical  Industry  and  the  Society  of  Public 
Analysts.  The  tables  of  chemical  and  physical  constants  of  oils, 
etc,  have  been  compiled  mainly  from  the  data  collected  by  Dr. 
Lewkowitsch  for  his  standard  treatise  on  the  analysis  of  oils, 
partly  from  results  accumulated  in  our  own  experience.  7^ 
Engineer  has  also  been  freely  quoted. 
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Our  best  thanks  are  due  to  Mr.  C.  E.  Wolff,  B.Sc. ,  for  assist- 
ance in  some  of  the  mathematical  portions  of  the  work ;  to  Mr. 
T.  H.  Adams  for  assisting  in  the  experimental  work;  and  to 
Messrs  H.  R  Haigh,  J.  F.  Ingleby,  H.  Jessop,  Colin  E.  Strong, 
R.  Weatherburn,  and  others,  to  whom  we  are  indebted  for  in- 
formation, suggestions,  or  assistance  in  other  ways. 

L.  AECHBUTT. 
R  M.  DEELEY. 

Dkrbt,  September  1899. 


PREFACE  TO  THE  SECOND  EDITION. 


Wb  very  much  regret  the  delay  which  has  occurred  in  the  issue 
of  this  second  edition  of  our  work,  but  we  hope  that  the 
thorough  revision  which  the  book  has  undergone,  the  rearrange- 
ment of  some  of  the  subject-matter,  the  addition  of  nearly 
seventy-five  pages  of  new  matter,  and  the  enlargement  and  im- 
provement of  the  index,  will  atone  for  the  inconvenience  caused 
by  the  book  being  out  of  print  for  so  long  a  time.  We  have  been 
much  gratified  by  the  favourable  reception  accorded  to  the  first 
edition,  of  which  a  French  translation  has  been  issued;  and 
the  numerous  inquiries  for  the  second  edition  which  we  have 
received  prove  that  the  book  has  met  a  want. 

The  volume  has  been  revised  throughout,  but  the  chief 
additions  have  been  made  to  the  last  three  chapters. 

In  Chapter  IV.  a  brief  account  of  Lasche's  experiments  on 
the  friction  and  lubrication  of  motor  bearings  at  high  speeds  is 
given.  Doolittle's  Torsion  Viscometer  is  described  in  Chapter 
VI.,  and  some  errors  in  the  table  for  converting  hydrometer 
degrees  into  specific  gravities  have  been  corrected.  In  Chapter 
IX.  a  full  description  will  be  found  of  Thurston's  Oil-testing 
Machine  as  modified  by  us,  together  with  a  description  of  the 
method  of  using  the  machine  which  we  have  found  most 
advantageous,  and  the  results  of   a  number  of   tests  which 
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we  have  made.  Experience  has  taught  us  that  to  obtain 
results   o!   value   from   thia  uiachiue,  and  doubtlesB  also  from 

others  of  eirailav  type,  much  patience  and  careful  observation 
are  required.  Descriptions  will  also  be  found  in  this  chapter 
of  several  machines  which  were  uot  included  in  the  first 
edition,  or  which  have  been  more  recently  designed ;  also  an 
account  of  Professor  Kingsbury's  experimeuts  on  the  friction 
of  screws. 

The  subject  of  bronze  bearings  and  anti-friction  alloys  has 
been  treated  at  length)  in  Chapter  X.,  and  an  account  is  given 
of  the  most  important  researches.  The  tables  giving  the 
composition  of  these  alloys  have  been  entirely  re-written,  and 
the  authorities  added.  Where  no  authority  ia  mentioned,  the 
composition  stated  is  mostly  based  upon  our  own  analyses. 
Fresh  measurements  of  the  thickness  of  lubricating  films  by 
Professor  Kingsbury  are  given  on  p.  397-  Our  best  thanks  are 
due  to  Mr.  H.  Fowler  for  kindly  revising  the  p^es  on  ball  and 
roller  bearings.  The  descriptions  of  modem  methods  of  lubrica- 
tion and  lubricators  have  been  largely  added  to,  and  we  have 
pleasure  in  acknowledging  our  indebtedness  to  several  firms 
whose  names  are  mentioned  in  the  test,  for  the  loan  of  blocks. 

In  the  last  chapter,  under  the  heading  "  Lubrication  of 
Miscellaneous  Machines,"  we  have  given  particulars  of  the  oils 
which  are  suitable  for  the  lubrication  of  the  principal  types  of 
machinery  and  engines,  and  we  trust  this  information  will  prove 
useful.  Mr.  J.  Veitcb  Wilson  and  other  experts  whom  we 
have  consulted  have  been  kind  enough  to  give  ua  the  benefit  of 
their  experience  in  regard  to  many  machines  which  are  outside 
the  range  of  our  own  special  experience.  To  these  gentlemen, 
and  to  Sir  Boverton  Redwood  who  has  kindly  revised  the  pages 
on  Mineral  Oils  in  Chapter  V.,  we  tender  our  acknowledgments 
and  sincere  thanks.  We  also  wish  to  thank  the  American 
Society  of  Mechanical  Engineers,  the  Venusylvania  Railroad 
Company,  and  the  Proprietors  of   JCnginceriiuj  for   permission 


PREFACE.  XI 

to  quote  from  their  publications;  also  Dr.  Henry  Leffmann, 
Mr.  H.  F.  Moore,  Professor  Goodman,  and  several  other  corre- 
spondents and  friends  whose  names  are  mentioned  in  the  text,  for 
suggestions  and  information  very  kindly  communicated. 

L.  ARCHBUTT. 
R  M.  DEELEY. 

January  1907. 
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^  fcUBRICATION  AM)  LUBRICANTS. 


PHICTIOM   OF  SOUnS. 

XatrodnetOTT. — Tbe  object  of  meirhanisui  of  all  kinda  is  the  control 
or  ntiltution  of  euetgjf  for  the  purpose  of  doing  useful  work.  Owing, 
hoTerer,  to  the  ueaeagnry  imperfectiouH  of  our  methods,  a  Urge  part 
of  tbe  euergy  applied  ia  wasted  in  variotis  ways;  cnainly,  in  over- 
ocmiiiig  the  netstanoe  to  relative  motion  offered  by  the  opposing 
Burfnccs  of  tbe  machines  tbeinBelveti. 

Tbe  lewt  toTix  properly  upplied  to  a  perfect,  niochiiie  at  rest  should 
eat  it  iu  luutioti,  and,  owing  to  the  inertia  of  its  parts,  such  a  machine 
oniw  net  in  motion,  hut  not  doing  work,  should  continue  to  move 
with  luiiftirm  Telocity  :  but  there  are  oaxises  which  operate  to  arre§t 
motion,  firstly,  the  inertia  and  frictiooal  resistance  of  the  air ;  secondly, 
the  friction  lietweeu  the  rubbing  surfaces  of  the  machine ;  and  thirdly, 
tndiicwi  electritiil  currents.  The  frictional  resistance  of  the  air  may 
bo  reduced  by  shaping  the  moving  surfaces  of  tbe  machine  so  ofi  to 
i)ppo«e  diL-  lenwl  surface  to  its  action  ;  with  tbe  electrical  resistances 
we  are  iir>t  hor«  concerned,  The  moat  serious  resistance  to  the 
motion  «f  hcnvv  machinon,'  is  tbe  friction  between  the  opposing 
*urfiux».  Mid  it  is  in  order  to  reduce  this  friction  to  a  minimiun  thut 
lubrication  is  rcdortixl  to, 

In  *)me  cases  tbo  frictional  resistanoe  between  opposing  surfaces 
is  ntilJEed  as  a  mentis  of  tninsmitting  motion  from  one  portion  of  a 
mschiiio  to  another,  or  from  machine  to  machine.  Friction  clutches 
and  t>clt  ur  rujic  gearing  may  be  instanced  as  coses  in  point.  Here 
the  object  is  to  make  the  frictional  resistance  as  great  as  possible,  so 
that  the  opposing  surfaces  may  not  slip-  Such  devices  are,  however, 
lie^-nnd  the  scope  of  this  work,  for,  although  friction  surfaces  are  often 
luCricsU-d  W  a  cerUin  extent,  the  lubricant  is  applied  to  prevent  the 
■iirfaccw  from  seizing,  and  not  to  reduce  friction.  There  are  also 
liistaitccs    in    which   lubrication   is    resorted   to   chiefly  in  order  to 
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reduce  the  wear  ^)^"rfle,'[riotion  ejirfiiees,  and  this  may  be  <A  such 
importance  that  th'e-  togH,  of.  anefgy  by  friction  becomes  quite  a 
secondary  consideration. 

Lubrication  is  eiFected  by  interpoeing  between  the  friction  surFaces 
filma  of  liquid  or  soft  solid  substancca  which  decrease  the  friction. 
Such  substances  are  called  lubricants.  The  physical  properties  upon 
which  their  lubricating  poners  depend  will  be  considered  at  a  lat«r 
stage ;  for  the  present  we  shall  confine  our  remarks  to  a  discussion 
of  the  nature  and  laws  of  so-called  solid  friction,  i.e.  the  friction 
between  clean  solid  surfaces.  Such  surfaces  are  seldom  chemically 
clean ;  but  the  contaminating  filma  do  not  affect  the  laws  of  solid 
friction,  they  only  determiue  the  degree  of  resistance. 

Friction  is  not  merely  a  resistance  to  the  relative  motion  of  solid 
surfaces.  The  changes  of  shape  undergone  by  solids  when  under 
stress,  as  well  as  the  movementa  of  liquids,  are  opposed  by  internal 
friction,  which,  in  these  cases,  is  of  quite  a  different  nature  and 
obeys  different  laws  to  the  friction  between  opposed  surfaces.  Other 
chapters  will,  therefore,  be  devoted  to  the  consideration  of  liquid 
friction,  whilst  in  the  present  one  the  phenomena  presented  by  the 
friction  Ijetween  solid  siirfaces  only  will  be  discussed. 

Nature  of  Friction. — When  two  solid  surfaces  are  pressed  firmly 
together,  they  cannot  be  moved  relatively  to  each  other  without  the 
exercise  of  considerable  force ;  and  when,  by  a  sufficient  effort,  the 
surfaces  have  commenced  sliding  against  each  other,  the  resistance  to 
be  overcome  in  order  to  keep  them  in  relative  motion,  though  it  may 
be  either  greater  or  less  than  was  required  to  start  them  from  a  state 
of  rest,  has  at  all  speeds  a  considerable  retarding  effect,  and  is  called 
the  friction  between  the  surfaces.  The  frictional  i-esistanoe  varies 
greatly  between  different  surfaces  and  materials,  being  least  between 
hard  and  polished,  and  greatest  between  soft  and  rough  surfaces. 
Between  leather  and  coarse  sandstone,  for  example,  its  value  is 
Tet7  considerable,  and  it  is  owing  to  this  fact  that  we  are  enabled 
to  stand  and  walk  in  such  perfect  security  on  ordinary  ground. 
Between  leather  and  ice  there  is  very  much  less  friction.  Walking 
on  ice  is,  consequently.  less  secnre  than  walking  on  the  ground,  and 
progression  is  more  safely  and  easily  effected  by  skating  or  sliding. 

In  the  sliding  or  rolling  of  solids  against  each  other,  friction  owes 
its  existence  almost  entirely  to  the  roughness  or  unevenness  of  the 
surfaces  in  contact.  Kvcn  apparently  smooth  surfaces  are  not  ttee 
from  minute  elevations  and  depressions  which  interlock  when  such 
surfaces  are  pressed  togetlier.  ^fotion  can  then  only  result  either  by 
the  passage  of  one  set  of  inequalities  over  the  other,  or  by  the  forcible 
breaking  off  of  projecting  parts.  When  this  takes  place,  the  surfaoes 
may  be  continuously  abraded,  for  it  does  not  follow  that  they  will  be 
rubljed  smooth  by  the  friction. 

Friction  between  surfaces  of  unequal  hardness  resrilts  in  the  more 
or  less  rapid  abrasion  of  the  softer  surface,  the  harder  surface  suffer- 
ing very  slightly,  unless  particles  removed  from  it,  or  derived  from 
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extraneous  sources,  become  embedded  in  the  softer  surface  and  act  as 
graying  tools.  This  is  what  occurs  in  the  process  known  to  mechanics 
as  '  lapping,'  in  which  emery  or  some  other  very  hard  substance  is 
press^  into  the  surface  of  a  soft  metal,  such  as  lead,  which  merely 
acts  as  a  holder  for  the  cutting  material. 

Friction  may  be  greatly  diminished  by  making  the  contact  surfaces 
very  smooth,  and  of  exceedingly  hard  materials.  Absolutely  smooth 
surfaces  cannot  be  produced,  even  the  most  perfectly  polished  surfaces 
being  more  or  less  uneven. 

Rolling  friction  is  of  much  the  same  nature  as  sliding  friction. 
Upon  perfectly  plane  surfaces  the  friction  of  rolling  would  be  nil, 
btit,  as  has  just  been  pointed  out,  such  surfaces  cannot  be  produced, 
and  inequalities  remain  which  interlock  and  form  obstacles  to  free 
motion.  Moreover,  pressure  causes  more  or  less  deformation,  both  of 
the  plane  surface  and  of  the  face  of  the  roller,  so  that  contact  takes 
place,  not  upon  a  line,  but  upon  a  more  or  less  broad  strip,  and  as  the 
roller  moves  along,  fresh  portions  of  the  surfaces  become  distorted 
and  some  sliding  friction  occurs.  Nevertheless,  for  the  same  load, 
much  less  resistance  is  offered  to  motion  by  rolling  friction  than  by 
sliding  friction.  A  block  of  stone  which  would  require  the  exertion 
of  great  force  to  push  or  drag  it  over  the  ground,  can  be  moved  with 
comparative  ease  upon  wooden  rollers.  Vehicles  are,  for  the  same 
reason,  provided  with  wheels ;  and,  of  late  years,  the  substitution  of 
rolling  for  sliding  friction  has  been  extensively  applied  in  the  roller 
and  ball  bearings  of  electro-motors,  tram-cars,  cycles,  churns,  clocks, 
astronomical  telescopes,  and  many  other  machines  and  instruments 
where  the  pressure  upon  the  surfaces  is  comparatively  light.  With 
this  kind  of  friction,  substances  such  as  indiarubber,  in  the  form  of 
wheel  tyres,  for  example,  may  be  used  to  roll  over  comparatively 
rough  surfaces  without  much  loss  of  energy,  the  elasticity  of  the  one 
surface  enabling  it  to  change  its  form  to  suit  the  inequalities  of  the 
ground. 

Circmnstaxices  which  Influence  Friction. — Cohesion, — A  cause  of 
friction  remains  to  be  considered  which  is  aggravated  rather  than 
diminished  by  our  efforts  to  produce  smooth  surfaces.  The  more 
perfect  the  surfaces,  the  more  closely  will  they  be  brought  into  con- 
tact, and  at  very  small  distances  molecular  forces  come  into  play 
which  cause  very  true  surfaces  to  adhere  strongly  and  thereby  resist 
sUding  impulses.  Two  pieces  of  plate-glass,  for  instance,  carefully 
cleaned  from  dust,  may,  if  placed  upon  one  another  and  pressed 
together  with  a  sliding  motion,  be  caused  to  adhere  ^  so  strongly  that 
one  may  be  lifted  and  even  held  in  a  vertical  position  by  means  of  a 
handle  of  sealing-wax  attached  to  the  other ;  indeed,  a  skilled  work- 
man can  render  the  surfaces  so  nearly  true  that  they  cannot  again  be 
separated  without  breaking  the  glass,  the  points  of  contact  having 
become  practically  welded  together.     In  like  manner  pieces  of  marble, 

*  A  distinctioii  is  sometimes  drawn  between  *  adhesion '  and  '  cohesion '  which  is 
not  wtfnatod  by  the  ftcts.    See  Tait ;  Properties  of  Matter,  8rd  edition,  p.  241. 
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Upon  which  tnie  Biirfaces  have  been  worked  with  great  care,  adhere 
wlieu  preeacd  together,  and  cvcu  i»  tiK'to  their  cohesion  may  be  so 
great  that  comparatively  largo  masses  may  remain  suspended  in 
virtue  of  their  mutual  molecular  attractions.  C)tean,  tnie  surfaces 
of  copper  adhere  when  pressed  together ;  and  Barton,  early  in  the 
last  century,  showed  that  a  dozen  smalt  cubes  of  this  metal,  whose 
aides  he  had  made  very  tnie,  wheu  piled  one  on  another  adhered  when 
the  upper  one  was  lifted.  Wliitworth  showed,  more  recently,  that 
other  substAncea  may  be  caused  to  exhibit  similar  attractive  forces, 

In  such  instances  as  have  been  adduced,  the  materials  may  geaer- 
ally  be  parted  again  without  injury  ;  but  two  surfaces  of  lead  which 
have  been  freshly  scraped,  if  pressed  together  with  a  screwing  motion, 
will  adhere  almost  as  firmly  as  if  they  formed  one  mass.  In  other 
words,  such  surfaces  when  rubbed  together  'seize,'  i.e.  the  materiala 
composing  theni  undergo  a  process  of  cold  welding.  Prof.  Walth^re 
Spring  has  shown  that  the  dust  of  most  metals,  if  subjected  to  suffi- 
cient pressure,  may  be  made  to  unite  into  solid  blocks,  and  even  alloys 
of  two  or  more  different  metals  may  be  thus  produced.^  The  preaaure 
required  is  very  much  greater  with  a  hard  metal,  such  as  alumiuium, 
than  with  a  soft  metal  like  lead,  but  all  the  metals  experimented  upon 
were  found  to  weld  at  ordinary  tomperaturcs.  if  sufficiently  com- 
pressed. Of  course,  the  pressures  used  in  these  experiments  were 
far  greater  than  are  brought  to  Iwar  upon  ordinary  bearings ;  but, 
as  shown  above,  cohesion  commenceis  between  very  smooth  surfaoee 
under  very  moderate  pressures,  and  the  increased  friutiou  thus  set 
up  rapidly  causes  the  bearings  to  beuome  heated.  This  reduces  the 
pressure  at  which  welding  takes  place,  and  as  soon  as  the  welding 
pressure  coincides  with  that  to  which  the  bearing  is  subjected,  the 
metallic  surfaces  seize  or  abrade  each  other. 

Spring  has,  in  fact,  shown  more  recently-  that  by  raising  metals 
U>  temperatures  far  below  their  melting  points,  welding  can  be 
caused  to  gradually  take  place  under  quite  moderate  preaaurea, 
and  that  even  alloys  of  dissimilar  metals  can  be  formed  in  this  way. 
The  metals  enperimeuted  upon  were  turned  into  cylinders,  with  ends 
as  perfectly  plane  as  posHible,  aud  these  were  firmly  pressed  together 
by  means  of,  a  screw.  After  heating  for  several  hours  at  200*  -  400' 
C,  the  cylinders  of  most  similar  metals  became  so  firmly  welded 
together  that,  if  broken  in  a  vice,  the  fracture  did  not  take  plaae 
along  the  original  surface  of  separation.  Dissimilar  metals,  treated  in 
the  same  way,  became  alloyed  at  the  junction. 

In  these  experiments,  the  weldiiig  and  alloying  effects  were  caviaod 
by  the  surface  molecules  actually  difFusing  into  each  other.  Thfl 
late  Sir  William  C.  Roberts- Austen,  who  published  several  inveetiga- 
tions  on  the  rate  of  diffusion  of  metals  into  each  other,  wrote,  in  1897  ;' 
"The  continuation  of  these  experiments  has  led  to  the  recognition  of 

1  Bull.  Aead.  Bttg.,  1880  (S),  xlix.,  33a. 

'  ZtU.  phytikai.  Chrm..  18fl4.  xv.,  66. 

'  FeurUi  Report  te  Ihe  AlUij/a  Satiuvh  CommitUt,  y,  53. 
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tho  renurkxblr  fact  thai  dilfiisiou  of  uietttla  can  roiidil^  I.b  iiieasurBd 
uotoiilj  iu  molten  but  in  solid  nietnlti.  It  18  <xita.m\y  rotunrknMe 
tlwl  gotd — placed  at  the  bottom  of  a.  cjlinder  of  load  3  inches 
bt(^  and  betited  lo  only  200'  0.  or  400'  F.,  which  ia  far  below  ita 
tinrlttng  point,  and  while  it  is  to  all  appuanuicu  Holld^wtll  have 
clifTuscd  tothe  tupin  uotAbleigiiuntitieH  hy  tho  endof  throednj-s.  .  .  . 
Tim  Mpcrimontii  summarised  have  already  Ipd  to  thf  recog:uitioi) 
iif  tlie  Hudoubted  fact  that  it  is  poaaiblc  actually  to  observe  and 
uiiauiurK  tiin  migration  of  the  oonatitnent  atoma  in  a  metal  or  alloy 
at  the  ordinary  temperature." 

fact  VontaittiHalum. — All  exposed  aurfaccs  are  liable  to  undergo 
owing  to  the  chemical  action  of  gases  and  vapoura  contained 
latmospbere,  and  to  other  cauaea ;  and  the  litma  of  oxide,  sulphide, 
,  oil,  dnat,  dirt>  et«.,  produced  in  this  way  modify  the  effecti;  of 
Thus,  in  the  exjterimeut  with  lead  described  above,  uulesN 
tlic  HMttaltif  •nirfaoes  are  perfectly  bright  and  untarnished,  thongli 
they  will  cohere  strongly,  they  will  not  weld  in  the  cold.  Conta- 
mination films,  however,  except  when  the  preBsiires  are  small  and  the 
rato  of  motion  alow,  are  soon  rubbed  out.  Under  all  circnmatanccs, 
ihrrefor*.  where  the  heat  due  to  frivtion  can  accumulate,  that  is, 
where  it  is  nut  produced  ho  slowly  or  in  audi  xinall  amount  aa  to  be 
oooductcd  away  aa  nipidly  ua  formed,  a  solid  or  fluid  Inbricanl  must 
b«  intvrposed  between  the  adjacent  surfaces,  if  only  to  keep  them 
BulBdeutiy  apart  to  prevent  trJutiou  due  to  cohesion. 

Although  the  chemically  clean  and  true  surfaces  of  tiuch  metals  as 
Iom],  tin,  or  wrought-iron  will  not  slide  upon  each  other  without  scii!- 
nig,  out-iron  tiiay  with  impmiity  move  in  contact  with  wrought-iron 
Mid  rtml,  even  when  the  surfaces  arc  clean  and  the  pressures  raoder- 
kbely  gT«at :  indeed,  dissimilar  metals  always  work  better  and  with 
grvater  eaae  upon  oticb  other  than  do  similar  ones.  The  foregoing 
•tAUmeiit  may  aeem  to  conflict  with  results  which  have  been  obtained 
in  mcauuring  the  frictional  resistance  between  similar  metals.  In 
«v«^'  cHC.  however,  when  this  has  been  done  between  '  tough '  metals, 
tbera  la  reuciD  to  suppose  that  the  surfaces  were  not  chemically  clean ; 
for,  althongb  experiments  have  been  made  both  with  and  without 
ItibricHnla,  in  moet  oaws  the  ooudition  of  the  unlubricated  surfacea 
ViMn  bvni  dt9terilx-d  us  '  imctuouci.' 

Th«  frietion  between  most  so-called  '  unlubricated  '  metallic  aurfaces 
U,  thorcforv,  not  a  case  nf  true  friction  Iwtwei^n  pure  metals,  but 
latween  aurfaces  contaminated  by  atmospheric  agencies,  by  grease, 
"  '  '  from  the  material  with  which  the  surfaces  were  wiped, 
ebemlcully  fonued  Bhua,  Hueh  as  oxides,  sulphides,  etc. ;  iu 
rds,  the  Hurfuces  are  pur  Hall y  lubrirated.  Under  moderate 
>  aucb  hlniB  prevent  tlie  actual  adhesion  of  metal  to  metal, 
'  rale  of  motion  be  not  Uki  high  aTid  the  action  not  ton  prolonged. 
TIaa  must  Inj  oloarly  borne  in  mind,  otherwise  what  is  kuowo 
'  aDlid  friction '  will  not  appear  In  ita  true  light.  However,  so  far 
'     '.  prorant  known,  the  kwa  uf  friction  iK'twoen  contanunated 
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I 
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faces,  and  eiicb  clean  surfaces  at  will  run  Ingether,  are  identical.  A 
"contaminated  surface"  is  not  to  be  regarded  as  cue  that  is  neces- 
sarily defied,  but  merely  one  that  has  foreign  matter  ou  it. 

The  following  experimeut  will  illustrate  the  efiect  of  a,  slight  cou- 
taminatioii  film  upon  a  metallic  surface  : — 

A  smooth  file  passed  over  the  freshly  prepared,  clean  surface,  will 
be  found  to  out  well,  even  when  gently  pressed  against  the  metat, 
hut  if  the  hand  be  pssaeil  over  the  metallic  surface,  the  film  of  grease 
thereby  deposited  will  ao  lubricate  it  that  considerably  greater 
pressure  on  the  file  ia  now  needed  to  cause  it  to  cut.  If  it  were  not 
for  the  presence  of  this  contamination  film,  soft  or  tough  metals, 
such  as  tin,  wrgnght-iron,  brass,  etc.,  would  at  once  seize  if  rubbed 
together,  even  at  low  speeds.  Even  with  moderate  loads,  inequalities 
of  the  surfaces  inay  project  through  the  film  and  largely  increase  the 
frictioual  resiatanceii.  Until  this  takes  place,  the  value  of  the  friction- 
coefKcient  aeema  lo  depend  as  much  upon  the  smoothneaa  of  the  sur- 
faces and  the  nature  of  the  foreign  substances  interposed  as  it  docs 
upon  the  nature  of  the  materials  in  contact. 

GoefBcient  of  Frictioa — The  relationship  borne  by  the  fi-iclional 
resiittanee  to  the  load  or  force  pressing  the  surfaces  together  has  been 
the  subject  of  ititieh  speculation  and  disciission,  and  although 
numerous  experimental  researches  have  been  carried  out,  such  as 
those  of  Amontons,  Coulomb,  Viuce,  Rcnuie,  Morin,  Kimball,  and 
others,  there  has  alwaya  been  much  conflict  of  opinion.  From  what 
haa  been  stated  concerning  the  action  which  aolid  surtoces  in  close 
contoet  have  upon  each  other,  it  will  be  clear  that,  although  it  may 
ho  possible  to  formulate  somewhat  general  lawa  of  solid  friction, 
such  laws  cannot  be  expected  to  hold  good  under  extremes  of  pressure 
or  speed  ;  and  they  will  be  affected  to  some  extent  by  the  nature  of 
the  materials  in  contact  wjd  the  surface  conditions. 

The  apparatus  used  by  Morin  for  measuring  the  friction  Iretween 
surfaces  consisted  of  a  loaded  box  or  slider,  resting  on  a.  horizontal 
slide.  A  cord,  fastened  to  the  slider,  passed  over  a  pulley  and  carried 
B  smaller  suspended  bos,  which  could  be  loaded  with  any  desired 
weight.  Both  alider  and  alide  could,  after  each  set  of  experiments, 
be  replaced  by  others  of  different  material.  By  placing  weights  in 
the  suspended  box  (the  slider  beiug  loaded)  force  was  applied  in  a 
direction  parallel  to  the  sliding  surfaces,  and  when  the  slider  began 
to  move,  the  weight  of  the  Mmall  box  was  a  measure  of  the  frictional 
resistance. 

In  a  particular  experiment,  the  weight  of  the  slider  beiug  one  ton 
(3240  lbs.),  a  force  of  .t50  lbs.  was  required  to  cause  it  to  move. 

T.„,„  ■!§,-"■"■'''''' 

"Inch  is  called  the  /■.oe^.rirul  of  friclion,  wtiile 

.^50  lbs.  =  F 
is  known  as  the  tuUil  frictional  resistance. 
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The  coefficient  of  friction  may  he  defined  as  that  value  which,  when 
multiplied  by  the  pressure  normal  to  the  surfaces  in  contact,  gives  the 
measure  of  the  nuiximum  frirtional  resistance  to  motion. 

Making  W  the  weight  normal  to  the  surfaces : — 

Frictional  resistance      F  r^    «,  .     ^    .  .  .  ^. 

— ^^^ i :-TT —  =  ¥ir  =  Ah  =  Coefficient  of  fnction. 

Normal  weight         W 

Static  and  Xlnfftlo  Coeffldenta. — In  some  cases  it  has  heen  found  that 
the  force  F  required  to  keep  a  hody  in  motion  differs  from  that  required  to 
move  it  from  a  state  of  rest.  Obviously  there  must  be  two  coefScients  of 
friction,  of  which  the  static  (/*)  may  differ  from  the  kinetic  (fi^.  As  a  rule 
the  kinetic  coefficient,  or  coefficient  of  friction  of  motion,  is  alone  of  import- 
ance in  machine  work,  for  owing  to  the  freedom  or  elasticity  of  the  moving 
parts,  or  the  vibrations  generated  at  starting,  the  static  coefficient  does  not 
make  itself  seriously  felt.  Hence  the  term  "  coefficient  of  friction  "  means 
**  coefficient  of  kinetic  friction,"  unless  otherwise  stated. 

The  excess  of  the  static  coefficient  over  the  kinetic  is  most  marked  in  the 
case  of  substances  such  as  timber,  whose  surfaces  may  be  sensibly  indented  by 
pressure.  When  such  surfaces  have  remained  for  some  time  in  contact  under 
pressure,  and  at  rest  relatively  to  each  other,  considerable  force  steadily 
applied  is  required  to  cause  them  to  slide.  A  similar  effect  on  the  resistance 
to  motion  is  shown  in  the  process  of  starting  a  heavy  goods  train.  With  all 
the  couplings  tight,  and  the  train  at  rest,  the  engine  is  unable  to  set  the 
wagons  in  motion.  The  driver,  therefore,  reverses  his  engine  until  a  suffi- 
cient proportion  of  the  buffers  are  in  contact  and  the  couplings  slack  ;  he  is 
then  enabled  to  set  the  wagons  in  motion  one  at  a  time,  and  so  deal  with  the 
static  or  low-speed  friction  in  detail. 

Solid  Frictioii — Rennie's  Experiments. — Rennie^  made  a  number 
of  experiments  on  the  coefficient  of  friction  between  certain  metals 
at  moderate  speeds.  From  the  smallness  of  the  coefficient  of  friction 
with  light  loads  it  would  appear  that  he  experimented  with  contami- 
nated surfaces.  The  following  table  gives  some  of  the  results  he 
obtained :  — 

Table  I. — Coefficients  of  Friction  between  Metal  Surfaces. 


1 

!     BrUB. 

steel. 

GMt-iroD. 

•141 
•151 

•163 

•170. 
•179 

Wionght- 
iroD. 

Tin. 

1 

Brass,    .... 

Steel,     .... 

Cast-iron, 

Wrought-iron, 

Tin,       .... 

•175 
•139 
•141 
•135 

... 

•139 
146 

•151 
•181 

■  •  • 

•135 
•181 
•170 

•160 

•181 

•  •  • 

•  •  ■ 

•179 
•181 
•266 

Brass  upon  other  metals  gave  the  least  frictional  resistance,  and  tin 
upon  other  metals  the  highest  average  resistance.  Tin  upon  tin  and 
brass  upon  brass  both  gave  high  figures — they  were  evidently,  even 
under  small  loads,  showing  signs  of  incipient  seizing,  owing  to  the 
rupture  of  the  interposed  film  at  numerous  points.     These  coefficients 

^  Pha.  Trans.,  1829,  p.  148. 


speed  in  feet 

Coefficient  of 

per  mia. 

Frictiou  mi* 

52^3 

•0713 

62-7 

•0663 

78-4 

•0618 
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are,  however,  much  greater  than  those  given  by  certain  antifriction 
alloys  when  working  upon  iron  or  steel.  R.  U.  Smith,  who  has 
submitted  the  alloy  known  as  *  Magnolia  metal '  ^  to  a  variety  of  tests, 
gives  the  following  figures,  the  bearing  running  dry :— 

Nominal  pressure 
lbs.  per  sq.  in. 

99^5 

99^5 

99^5 

Owing  to  the  low  friction-coefficient  of  this  alloy,  a  bearing  may  be 
run  dry  at  considerable  speed  without  serious  injury  resulting.  The 
alloy  also  answers  well  for  bearings  which  have  to  carry  moderately 
heavy  loads  and  run  at  moderate  speeds,  or  which,  owing  to  their 
positions,  can  only  be  supplied  with  water. 

Friction  ami  Speed, — In  all  cases,  the  static  coefficient  is  sensibly 
the  same  as  the  low-speed  kinetic  coefficient  with  imperfectly  lubri- 
cated metallic  surfaces,  such  as  might  be  used  for  bearings;  but 
between  oak  and  oak  and  other  soft  materials,  the  kinetic  friction 
at  the  speeds  used  in  practice  is  considerably  less  than  the  static  fric- 
tion. Jenkin  and  Ewing^  found,  however,  that  the  change  in  the 
value  of  the  friction-coefficient  is  not  abrupt.  In  fact,  it  is  highly 
probable  that  in  the  cases  where  the  static  coefficient  differs  from 
the  kinetic,  the  latter  gradually  changes  when  the  velocity  becomes 
extremely  small,  so  as  to  pass  without  discontinuity  into  the  former. 

From  a  number  of  experiments  made  by  Kimball  *  it  would  also 
appear  that,  although  there  is  no  abrupt  transition  between  the 
static  and  kinetic  coefficients,  the  friction  of  motion  is  not  always  less 
than  the  friction  of  rest.  This  is  more  particularly  the  case  when 
the  loads  are  small  or  the  surfaces  are  lubricated. 

With  clean  or  nearly  clean  surfaces,  and  light  loads,  Kimball 
found  that  the  kinetic  coefficient  of  friction  at  very  slow  speeds  was 
greater  than  the  static  coefficient,  but  that  with  increasing  speed  the 
coefficient  reached  a  maximum  and  then  decreased.  This  he  illus- 
trated by  an  experiment  which  measured  the  friction  of  a  leather 
belt  hung  over  a  cast-iron  pulley.  To  one  end  of  the  belt  a  known 
tension  was  applied  by  means  of  a  fixed  weight ;  to  the  other  end 
a  spring  dynamometer  was  attached.  The  tension  of  the  ends  of 
the  belt  being  known,  the  coefficient  of  friction  was  easily  found. 
In  the  following  table  the  coefficients  given  are  relative  only  : — 

Table  II. — Relative  Coefficients. 


Feet  per 
Minute. 

Relative 
CoefUcienta. 

Feet  per 
Minute. 

Relative 
Coefficients 

18 

•82 

1190 

•96 

92 

•93 

1980 

•82 

660 

100 

2969 

•69 

»  See  Table,  p.  889.  «  Proc  Roy.  Soc,  1878,  p.  509. 

^  American  Journal  of  Science,  1877,  p.  858. 
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Kimball  considered  that  the  results  he  obtained  reconcile  the 
apparently  conflicting  statements  of  Morin,  Bochin,  Him,  Coulomb, 
and  oUiers,  for  these  investigators  experimented  under  very  different 
conditions  of  velocity,  pressure,  etc. 

Morin  experimented  under  conditions  which  gave  him  a  coefficient 
approaching  the  maximum,  and  thus  his  results  were  approximately 
constant  for  all  the  speeds  tried.  Bochin  experimented  with  railway 
trains ;  his  conditions  were  high  speeds,  hard  contact  surfaces,  and 
great  intensity  of  pressure.  These  circumstances,  under  some  condi- 
tions of  lubrication,  favour  a  coefficient  decreasing  as  the  velocity 
increases.  Him,  on  the  other  hand,  employed  very  light  pressures, 
less  than  two  pounds  on  the  square  inch,  and  kept  his  contact  sur- 
faces so  thoroughly  lubricated  that  the  friction  was  rather  between  oil 
and  oil  than  between  two  metallic  surfaces.  These  conditions,  at 
ordinary  speeds,  favour  a  coefficient  increasing  as  the  velocity  in- 
creases. For  the  effects  of  speed  to  be  ascertahied,  either  the 
metals  in  contact  must  be  such  that  they  will  not  seize  as  they 
become  heated,  or  one  or  both  of  the  contact  surfaces  must  be  con- 
tinually changing.  Both  these  conditions  are  fulfilled  by  railway 
brakes.  When  the  wheel  is  revolving  and  rubbing  against  the  brake 
block,  the  contamination  of  both  surfaces  is  practically  rubbed  away, 
and  the  metals  come  into  close  contact.  Dissimilar  metals  are,  there- 
fore, used — generally  cast-iron  blocks  on  steel  or  wrought-iron  tyres. 
The  clean  tyre  as  it  revolves  is  stationary  with  regard  to  the  rails,  and 
the  coefficient  there  is  practically  the  static.  In  the  following  table 
will  be  found  the  results  obtained  by  Galton  and  Westinghouse  ^  for 
cast-iron  blocks  upon  steel  tyres.  The  coefficient  decreases  greatly 
as  the  speed  increases,  and  also  as  the  blocks  become  heated  after 
prolonged  contact. 

Table  III. —Friction  of  Brakes. 


I 

Avenge  Speed. 

Ct»-einclent  of  Friction  lietwcen 

Cut-iron  Brake-blocks  and  Steel  'lyre?. 

Miles  per  hour. 

Ist  8  Be< 

conds. 

3alcd. 

5  to  7  seconds. 

12  to  16  seconds. 
•237  calcd. 

0 

•408  < 

•285  calcd. 

5 

•360  < 

gxptl. 

•  •  • 

... 

10 

•320 

}} 

•209  exptl. 

•  •  • 

20 

•205 

n 

•175      „ 

•128  exptl. 

30 

•184 

jy 

•111      „ 

•098      „ 

40 

•134 

)i 

•100     „ 

•080      „ 

50 

•100 

n 

•07(»     „ 

•056      „ 

60 

•062 

» 

•064      ,. 

•048      „ 

The  next  table  gives  the  coefficients  for  steel  tyres  upon  steel  rails. 

^  JBnginsering,  London,  Aug.  28, 1878. 
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Table  IV.— Friction  or  Wbebl  os  Bail. 

!t±  CaefflcJentolKdcUonbetwMDSlul  Wheal  Trn>  and  81 

tna  umunaiKaaiait  a(  Ki[>erliiieDt  to  and  of  1  Sboi 

■141  calculated. 
'110  eiperimenUl. 

■087 


Between  the  brake-block  and  tyro  the  friction  la  high,  for  there  is  no 
foreign  substaace  on  the  aiirfuces.  In  the  case  of  the  wheel  upou  the 
rail  the  cage  is  different ;  here  the  tyre  is  slipping  over  a  more  or  less 
contaminated  surface,  and  the  frietional  resistance  is  smaller.  The 
adhesion  of  wheels  to  rails  yields  a  very  variable  coefficient  of  fnctiou, 
ranging  roughly  from  0'3  to  O'l,  aeeotding  to  the  state  of  the  weather- 
Taking  the  coetlicicnt  of  the  rolling  friction  of  the  wheel  upou  the 
rail  to  be  0'2  at  all  speeds,  in  ordinary  weather  at  25  miles  per  hour 
we  may  meke  the  weight  upon  the  blocks  equal  to  the  weight  of  the 
vehicle,  but  at  higher  speeds,  say  60  miles  per  hour,  about  two  and 
a  Italf  times  this  pressure  will,  at  the  moment  of  application,  barely 
skid  the  wheels. 

On  the  dirtgrani  (tig.  1)  some  of  the  figures  obtained  by  Ualton  and 
Westinghouso  liave  been  plotted  with  the  corresponding  ttieoretioal 
static  Goetficients.  The  curves  drawn  through  them  are  logarithmio 
ciu^ves,  the  rate  at  which  the  friction  decreases  being  approximately 
proportional  to  the  coethcient  of  friction  at  each  speed,  lu  other 
words,  the  slope  of  the  curve  at  any  point  is  proportional  to  the  length 
of  the  corresponding  ordinate,  and  if  the  logs,  of  the  ordinates  had 
been  plotted  the  residt  would  have  been  straight  lines. 

This  decrease  of  the  friction  with  increasing  speed  occurs  both  with 
the  friction  between  the  wheel  and  rail  and  with  that  between  the 
bmke-block  and  tyre,  lu  the  former  instance,  the  contact  surface  of 
th^  tyre  is  constantly  passing  over  fresh  rail,  which  maintains  unaltered 
the  nature  of  the  contamination  and  keeps  the  temperattu-e  from  un- 
duly rising  ;  hut  between  the  tyre  and  the  brake-block  there  is  no  such 
constant  snpply  of  foreign  material,  and  the  contact  surfaces  coDse- 
({ueutly  abrade  each  other  and  heat  very  rapidly.  This  heating  would 
seem  in  a  great  measure  to  be  the  cause  of  the  decrease  of  the  friction 
which  occurs  when  the  surfaces  have  been  in  contact  several  seconds. 

LnwH  of  Solid  Frieiion. — The  laws  of  solid  friction  as  enunoiatAd 
by  Coulomb  are  approximately  correct  for  moderate  speeds  asd 
ordinary  loads,  but,  as  they  arc  not  applicable  at  all  speeds  and  loads, 
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the  lawH  of  friction  Iietween  clean  or  Hlightly  uontaToinated  surfaoea 
may  be  more  correctly  stated  as  follows  ; — 

1.  The  frictioiial  reaiataucc  is  approiiamtely  proportional  to  the 
load  on  the  rubbing  surfaces. 

'2.  The  frictional  resistance  is  slightly  great4>r  For  large  areas  and 
small  pressures  than  for  small  areus  and  great  pressures. 

3.  The  frictional  resistance,  except  at  very  low  speeds,  decreasett 
im  the  velocity  inoreaues. 

The  truth  of  the  first  law  is  easily  demonstrated  by  a  inadune  such 
iia  Morin's. 

With  a  slider  of  caat-iron  on  a  slide  of  the  sunie  metal : — 

A  weiglit  of  rifi  lliM.  nnjiiii-es  8  lbs.  to  ilmw  it  a\m\n. 


For  the  cot'ttiuient  of  friclLoii  of  c 
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Itennii!  ubtainLd  "163  for  this  coefficient.  The  value  of  /i,  is, 
therefore,  according  to  these  figures,  appi'oximately  independent  of 
Che  area  of  the  surfaces  and  the  load,  provided  abrasion  docs  not 
take  place,  but  it  vanes  with  the  condition  of  such  surfaces. 

Theory  of  Sului  FHHum. — Hele  Shaw  '  has  attempted  to  account 
for  the  laws  of  sohd  friction  in  the  following  manner.  Suppos- 
ing the  surfaces  to  he  smooth  and  worn  to  their  normal  condition, 
there  are  even  then  only  a  certain  very  limited  number  of  points  in 
uontact,  and  further  wear  merely  removes  groups  of  particles,  leaving 
other  hollows,  or,  if  no  wear  is  taking  place,  merely  displaces  the  pro- 
jecthig  particles.  Any  increase  of  pressure  brings  a  larger  number  of 
particles  into  contact,  and  so  increases,  to  n  proportional  extent,  tbe 
friction,  or  amomit  of  rubbing  and  consequent  heat  produced.  Hence 
the  friction  varies  with  the  pressure.  For  low  velocities,  the  constant 
reaisUince  simply  depends  on  the  number  of  particles  in  contact,  and, 
au  this  at  any  point  is  the  same,  the  friction  is  not  altered ;  when, 
however,  the  velocity  is  very  high,  it  may  be  that  the  surfaces  are 
slightly  separated,  and  the  friction  is  thereby  reduced ;  and  it  may 
also  be  that  prominences  on  one  surface  periodically  displaced,  but 
not  permanently  removed,  may  not  regain  their  position  with  suf- 
ficient rapidity  to  make  contact  with  as  many  particles  on  the  Other 
surface  as  the^  otherwise  would. 

HoUing  Fnction.— When  a  roller  passes  over  an  elastic  surface 
the  contact  is  not  line  contact ;  both  the  roller  and  the  surface  upon 
which  it  reste  are,  according  to  Osbomo  lieyuolda,-  deformed  by  the 
pressure. 

■  Oanior  LMuni  on  Frirticn,  I88S,  ii.  13. 
•  PkU.  Tram.,  1878,  p.  !66. 


FRiCTioK  or  SOLins, 

In  fig.  9  Ml  iroM  roller  ia  reprceenU'd  moving  over  ft  surface  of 
ruUier.  The  rubber  is  distorted  by  the  weight  of  the  roller,  and 
slidnt  or  rube  agaiimt  it  at  points  near  C  and  U.  For  Buine  distance 
(rti  each  aiile  of  the  centre,  P,  there  is  no  slipping,  and  thiw 
slip  incrciises  with  the  friction  be- 
tween tho  surfaces.  \Vhcu  both  the 
roUer  and  the  surface  iipou  which 
it  reata  an>  diaturted,  the  uonditionx 
iLTO  similar. 

It  ie  nmceivNble  thnt  the  use  of 
AD  unguent  for  hptll  or  roller  bcar- 
ingH  may  so  increase  the  area  over 
which  ajipping  takes  place  that  Xha  rcsiBtance  to  rolling  may  be 
aftuallv  increased.  The  lubricant,  however,  in  some  lueaaure,  pre- 
vuiitH  tlie  wear  of  the  surfaces.  In  the  case  of  ruhher  tyres,  rolling 
orer  ruitgh,  uneven  ground,  such  slipping  is  not  large,  and  the 
mistance  to  rolling  in  correspond uigly  small. 

The  laws  of  n>illng  friction  would  appear  to  he  identical  with  ihoae 
of  alidiug  friction,  with  the  procuo  that  the  resistance  varies  inversely  as 
the  radiiisof  the  rolling  l>ody.     Tlie  law  may  be  eipreased  a»  follows  : — 


Fia.  3. 


It  = 


w 


(2) 


where  ^,  =  the  coefficient  of  friction,  W  =  the  load  on  the  roller,  i  = 
the  radiuB  of  the  rolling  body,  and  K^the  friotional  resistance. 

The  rate  of  slipping  at  the  contact  surfaces  is  so  slow  that  the 
coefticient  of  frictiou,  although  it  probably  decreases  as  the  speed 
iiicroteea,  does  so  ver}'  slowly. 

CaOBe  of  Heating, — The  energy  which  b  expended  in  overcoming 
the  frictional  resistance  of  two  rubbing  surfaces  and  in  keeping  them 
iu  motion  is  converted  into  heat,  and  raises  the  temperature  of  the 
uuuses  iu  contact  above  that  of  surrounding  objects.  When  the 
amutuit  ot  friction  is  iimall,  the  rise  of  temperature  is  also  small,  but 
ufaimtd  the  frictional  resistance  become  large  from  any  cause,  tlio 
Iieiting  of  the  materials  in  contact  may  l>ecome  so  great  that  the 
oppii»ng  surfaces  either  become  brittle,  melt,  or  even  weld  together. 
It  is  clear  that  some  relationship  exists  between  the  work  done  and 
tht!  heat  produced.  The  significance  of  this  relationship  was  Hrst 
graajied  by  our  wmutiynian,  James  Frescott  Joule,  who  experimentally 
demanatroted  that  a  given  amount  of  work,  however  expended,  alwaj-s 
produces  a  fixed  quuntity  of  heat.  In  such  cases  u^  the  lifting  of 
n  weight  or  the  bending  of  a  spring,  energy  i»  rendered  potontial, 
but  this  stored  energy  can  likewise  produce  its  proijcr  equivalent  of 
heat. 

Before  the  relationship  between  work,  energy,  and  heat  can  be 
formulated  accumwly,  we  must  be  able  to  measure  both  work  and 
heat  in  suuie  exact  manner.  The  unit  of  heat  used  in  this  country 
i>  ths  qujuitity  which  will  raise  oue  pound  ot  water,  at  its  r 
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deusity,  one  degree  F,  Jii  temperature.     When  the  C.G.S.  or  metriel 
Byetem  is  iiaed,  it  is  the  quantity  of  heat  which  will  raise  one  gramme  I 
of  water  from  4'  C.  to  5°  C     VVork,  on  the  other  hand,  i 
by  the  product  of  the  average  resistance  atid  displacement.     Thu^  i 
in  the  case  of  a  sliding  surface,  if  the  force  required  to  maintain  the  1 
surfaces  in  relative  motion  be  one  pound,  and  the  distance  travelled  I 
bo  779 '  feet  in  each  second  of  lime,  then  the  work  done  each  second  ~ 
is  779  foot-pounds.    This  amount  of  work  has  been  proved  to  be 
just  sulScient  to  raise  one  pound  of  water,  when  at  its  maximum 
denaity,  one  degree  in  temperature.     779  foot-pouuda  ia  called  the 
mechanical  equivalent  of  heat,  and  the  constancy  of  its  value  under 
all  conditions  has  established  on  a  firm  basis  the  law  of  the  conserva- 
tion of  energy.     To  the  engineer  this  is  one  of  the  moat  important  I 
generalizations  ever  arrived  at,  aa  it  affords  a  ready  means  of  answer-  I 
ing  many  problems  which  would  otherwise  be  dil^ault  to  solve. 

Making  W  =  tlie  total  pressure  iu  lbs.  on  the  nibbing  surfaces  : — 
^,  =  the  coofliciont  of  friction. 
''=  the  speed  of  rubbing  surface  in  feet  per  minute. 
Then,  W/i,  =  the  frictional  reaiBtaoce. 

W/iji'-'tho  foot-pounds  of  work  done  per  min. 
„'^J-  =  the  thermal  units  generated  per  min. 

We   thus  see  that  the  heat  liberated  by  any  bearing  surface  i 
proportional  to  the  friction.     In  some  oil-testing  machinea  the  rise  o 
temperature  which  occurs  is  measured  and  is  taken  as  an  indicatioii!| 
of  the  resiatauce  to  motion  which  the  surfaces  offer.     The  actual  t 
of  temperature  depends,  of  course,  not  only  upon  the  rate  at  which  I 
heat   is   liberated,  but   also   upon    the   couductivity  of  tlie    heated  J 
surfaces.     The  frictional  resistance  cannot,  therefore,  he  proportional  J 
to  the  rise  of  temperature.  f 

Solid  lubricantB  are  all  substances,  auch  as  graphite,  soapstonE^  I 
etc.,  wliich,  although  they  may  often  be  welded  into  more  or  lee 
«olid  masses  by  pressure,  oppose  comparatively  small  resistance  to  I 
'  shear,'  or  to  the  movement  of  smooth  surfaces  in  contact  with  ti 
They  differ  in  their  action  from  fats  and  greases,  inasmuch  aa  the^ 
latter  melt  and  form  oils  at  comparatively  low  temperatures,  whilst  ' 
the  solids  referred  to  maintain  their  condition  imaltered  between  the 
surfaces,  and  prevent  seizing  or  tearing  even   when    the   frictional 
resiatances  raise  the  temperature  of  the  bearings  very  considerably. 
The  coefficient  of  friction  of  such  lubricants  is,  however,  high,  and  J 
when  economy  of  power  is  of  consequence,  liquid  lubricants  a 
sufficiently  large  bearing  surface  should  be  used,  wherever  practicable.  1 


'  Phil.  Trans.,  1878,  p,  156. 
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CHAPTER  II. 

INTERNAL  PBICTION   OR  VISCOSITY  OF  LIQUIDS. 

PLASTIC  FRICTION. 

IntrodactOTy. — Before  mineral  oils  were  introduced  as  lubricants, 
engineers  had  little  reason  to  study  the  theory  of  viscosity,  or  to 
specify  the  particular  fluidity  of  the  oils  they  wished  to  make  use 
of,  for  the  number  of  animal  and  vegetable  oils  available  for  lubri- 
cation is  limited,  and  the  degree  of  viscosity  they  exhibit  does  not 
vary  much  in  different  samples,  a  little  experience  being  usually 
sufficient  to  determine  the  most  suitable  description  of  oil  for  the 
purpose  in  view.  But  since  the  introduction  of  mineral  lubricating 
oils,  which  can  be  prepared  of  any  desired  viscosity,  the  measurement 
of  this  property  and  the  study  of  its  influence  upon  lubrication  have 
assumed  great  practical  importance. 

In  this  chapter  we  purpose  discussing  the  nature  of  viscosity  and 
viscous  flow,  including  the  theory  of  the  viscometer.  The  bearing  of 
viscosity  on  lubrication  will  be  discussed  in  Chapter  IV.  on  "The 
Theory  of  Lubrication  "  ;  and  practical  viscometry,  or  the  method  of 
measuring  the  viscosity  of  lubricating  oils,  will  be  reserved  for 
Chapter  VI.  on  "  Physical  Properties  and  Methods  of  Examination 
of  Lubricants." 

Nature  of  Viscosity. — All  liquids  exhibit  viscosity,  although  hi 
varying  d^ree.  Thus,  if  a  vessel  of  water  bo  tilted  and  then 
quickly  brought  back  to  its  original  position,  so  as  to  set  the  water 
in  oscillatory  motion,  it  will  be  found  that  with  each  swing  the 
amplitude  of  the  oscillation  diminishes,  and  that  in  a  very  short 
time  the  movement  dies  away  or  becomes  imperceptible,  and  the 
surface  of  the  liquid  comes  to  rest  in  an  exactly  horizontal  position. 

If  a  similar  experiment  be  made  with  sperm  oil,  a  much  greater 
resistance  to  movement  will  be  observed ;  the  oscillations  produced 
will  not  only  be  much  slower,  but  will  also  be  fewer  in  number. 
Very  visoouB  oils,  such  as  castor,  and  viscid  liquids  like  glycerine 
and  treacle,  will  not  even  oscillate  ;  such  liquids  merely  flow  steadily 
until  their  free  surfaces  are  again  horizontal.  In  all  cases  the  move- 
ment ceases  sooner  or  later,  and  it  is  the  internal  friction  or  viscosity 
of  the  liquid  which  arrests  the  motion. 

16 
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Cobefiion  and  Viscosity. — Some  writers  have  iiasuroed  a  relation- 
whip  between  viscosity  and  cohesion,  but  no  conneotion  has  yet  been 
proved  to  exist.  ConsideratiouH  such  lis  the  following  will  show  that 
there  is  im  necessury  relation  between  them.  . 

A  sphere  of  soft  iron  may  be  slowly  rotat«d  around  the  pole  of  a  J 
[Kiwerful  magnet  with  very  little   difficulty,   although   conBiderabl»fl 
force  ia  required  to  draw  the  ball  and  magnet  apart.     Similarly,  tha  1 
molecules  of  water  move  about  each  other  with  great  freedom,  and 
the  hquid  boa  a  very  low  viscosity  in  conaequeuce ;  yet,  accordiiig  to 
the  oaloulationa  of  Youiig  aud  Dupr^,  the  force  required  to  tear  the 
molecules  apart  is  equal  to  a  pressure  of  about  25,000  atmospheres. 

ViecouB  Flow  and  Lubrication.  ^As  the  value  of  an  oil  for 
lubricating  de]icnds  very  largely  upon  its  viscosity,  the  lawi 
viscous  flow  will  be  considered  at  some  length.  We  will  endeavour 
to  state  the  mathematics  of  the  subject  in  as  simple  a 
possible,  illustrating  by  means  of  diagrame  those  oonditions  of  flow 
a  fairly  complete  explanation  of  which  is  necessary  in  order  to  obtiuo 
a  proper  imderstanding  of  the  part  viscosity  plays  in  lubrication. 

The  conditions  of  motion  of  a  fluid  film  enclosed  between  two 
relatively  moving  surfaces  differ  somewhat  from  the  flow  of  the  same 
liquid  through  a  capillary  tube.  In  the  one  instance,  we  have  the 
conditions  obtaining  between  lubricated  surfaces,  and  in  the  other, 
the  conditions  of  flow  under  which  viscosity  is  most  readily  and 
accurately  measured. 

Viscous  Flow  between  Farallel  Horizontal  Planes  having 
Sifferential  Tangential  Uotion.--WlLen  a  fluid  lubricant  ia  inter- 
posed between  two  solid  surfaces,  one  of  which  is  in  tangential  mottoR 
and  the  other  at  rest,  that 
.  portion  of  the  fluid  which  ia 
'  I  contact  with  and  adherent 
to  the  moving  surface  is  con- 
strained to  move  with  it, 
I  that  portion  which  i 
adherent  to  the  aurfaoe  which 
is  at  rest  remains  motionless. 
Between  the  two  surfaces  the 
fluid  may  be  regarded  as  con- 
sisting of  a  series  of  supeiJ 
posed  layers,  each  moving  at  a  speed  proportional  to  its  diat&noi 
from  the  solid  fixed  surface.  This,  the  simplest  form  of  viscous  flovd 
is  illustrated  in  fig.  3. 

A  stratum  of  a  viscous  medium  ia  enclosed  between  two  pataDdt 
planes,  XX  and  YY,  the  upper  of  which  is  supposed  to  be  m 
with  uniform  velocity  in  the  direction  of  the  arrow,  whilst  the 
remains   fixed.      The  motioo  of   the  fluid    must   be    conatdored  i 
having  reached  a  steady  state,  the  force  producing  the  motion  bein 
supposed  to  act  solely  along    the    plane    XX    in    the  direction  i 
the  arrow. 
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Tbe  Uqtiiil  mHiiiti)  may  he  rt^garded  as  made  up  of  a  Berie§  of  j 
iiifiiiitjely  Ihin  auperpoHed  pIiLiics  (a  coarse  ilJiistration  being  a  pack  of  ' 
mrds),  the  topiniwt  uiid  lowest  of  which  are  held    by    cohesion    ; 
iinmBdMt«  oontnet  with  the  solid  surfaces.     The  topmost  plane   of 
li<|uid  is,  thcrsfore,  carried  along  by  the  moving  surface  XX,  and  the    , 
lowest  plane  is  held  stationary  by  the  fixed  surface  YV.     The  inter- 
mediAle  planea  o(  the  liquid  derive  their  motion  solely  from  tliat  of 
the  pUne  XX,  the  force  acting  upon  which  is  propagated  downwards   ' 
frotn  atrntum  to  stratum  by  the  internal  friction  ur  viscosity  of  the    i 
fluid.     As  the  frictional  resistance  ts  absolutely  uniform  throughout    i 
the  fluid,  each  liquid  plane  must  move  over  the  one   immediately    i 
botow  it  exactly  the  some  distanoe  in  the  eame  time  ;  and,  therefore, 
maj  row  of  points  in  contiguous  planes,  forming  at  one  moment  the 
vertioil  straight  line  C,B.,  will  have  moved,  after  a  certain  interval, 
i]ito  pnsitions  on  the  inclined  straight  line  A,C,,     If  the  length  of 
tbe  line  A,B,  be  Uiken  to  represent  the  velocity  with  which  tbe  upper 
pUnir  is  moving,  then  the  length  of  the  line  PN  will  represent  the 
velocity  of  the  fluid  at  any  point  in  the  plane  passing  through  N. 
In  such  a  case,  which  is  virtually  that  presented  by  a  properly  Inbri- 
aal«d  bearing,  then-  is  no  friction  between  the  two  solid  surfaces,  for 
thcT  do  not  touch,  and  yet  force,  continuously  applied,  is  required  to 
k«p  the  surfaces  in  relative  motion.     The  frictional  resistance,  as 
already  pointed  out,  is  wholly  due  to  the  sliding  of  the  liquid  layers 
one  over  the  other,  i.e.  tii  the  resistance  offered    by  the  liquid    to 
she&r.     It  has  been  necessary'  to  deal  with  this  subject  in  some  detail, 
for  the  action  of  a  lubricant  is  sometimes  stated  to  result  from  the 
rolling  'if  the  molecules  of  the  lubricant  over  each  other,  and  over  the 
solid  surfaces  between  which    they    pass.     Such   a   view,    however, 
cannot  be  juatified  by  an  appeal  to  experiment. 


Tlw  force  required  to  maintain  continuoita  relative  motion  between 
oppming  plane  Eurfaces,  sui:h  motion  being  of  the  nature  of  a  shearing 
•tmi,  ill  measured  by  tbe  stress  per  unit  area  of  either  of  the  planes.  Thus 
we  nuj  write 

F=/A (1) 

when  F  is  the  total  force,  /  the  force  per  tmit  area,  and  A  the  area  of  tbe 
planei  over  which  the  stress  acts. 

Siniw  no  HtresAes  ntber  than  tho»e  trannmiited  by  shear  act  on  the  maaa  of 
liqnid  ihr^  any  action  through  it  pBtoUel  to  the  two  bounding  planes  is 
•xpoed  to  the  ume  stress  per  unit  of  area  as  is  the  liquid  in  contact  with 
ibc  plane*.  If  A,(?,  beoumca  the  position  sfter  the  la^e  of  one  second  of  a 
HDTOUiI  line  of  miction,  such  as  B,Ci,  then  the  inclination  of  the  line  AiPO^ 
will  \k  tbe  same  Ihroughont  its  length,  and  it  must  be  a  straightline.  Also 
the  length  B,A|  represents  the  velocity  of  the  upper  plane,  and  the  length 
S'P  the  velocity  at  n  distance  B,N  from  XX.  I 

Haioe,  aUicK  ^  ^  '*'  we  may  write  ^=51,  where  r  is  the  velocity 
at  a  dUlUoe  s  from  VV,  and  v,  and  r„  are  their  values  at  the  surface  XX. 

Tb«  yu<naj  is,  tbnrefure,  proportional  to  !^  which  we  moy  call  ihc  mle 
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where  jj  u 
Further 


tant  which  varies  with  the  teiapenture  for  imj  liquid,  and 

axfficicnl  of  viteomty  of  that  liijuid. 


Also,  the  rate  of  diatortion  . 


(8)    I 


ViacotHij  in  Abtolvte  Meamnn. — If  c„  A,  and  r^  are  each  imity,  then 
n=F,  and  the  viscosity  ii  of  a  subetance  ie  then  me«eiired  by  the  lan^ntial 
fonie  per  unit  area  of  either  of  two  horizontaJ  planes  at  the  unit  of  diatanoe 
apart,  one  of  which  is  fitcd,  while  the  other  moves  with  unit  velocity,  the 
apace  between  the  planes  being  tilletl  with  the  viscous  subsbince. 

By  the  ealahliahment  of  the  above  simple  working  definilions  we  are  able 
to  form  equations  applicable  in  all  prolilems  involving  viscous  flow 

Both  in  the  measureoient  of  the  vii^cosity  of  various  liquids,  and  in  Ibe 
problems  which  have  to  be  solved  in  the  theory  of  lubrication,  it  is  neceaear/ 
that  we  should  be  able  to  tind  the  volume  uf  the  liquid  displaced  undw 
varying  COD diti una.  Although  this  can  be  simply  accomplished  by  methods 
invoUing  the  calculus,  it  is  better  for  the  clearer  nnderslandiiig  of  lubri- 
cating problems  to  attack  the  matter  geometrically. 

The  volume  V  swept  through  by  any  cross  section  B,B  0,C  in  moving 
!i.,A  0,C-'^'> ffl)  I 


oud  this  i 

Substituting  for 


of  the  volume  of  liijuid  displaced, 
its  value  from  equation  (7) 


and  for  t'  iU  value  from  (3) 


Jl^ 


V^-! 


(II)    ' 


Viscous  Flow  under  the  Action  of  Gravity  between  Fixed  Planes, 
— Wo  have  hitherto   considerei   only  the  conditions  of  flow  which 
result  from  a  streKS  applied  solely  at  a  lirjuid  surface  parallel  to  the    . 
direction  of  flow,  the  viscosity  of  the  fluid  aetting  in  motion  the  whole    ! 
mass  iu  such  a  way  that  the  rate  of  shear  is  everywhere  the  same. 
But  when  the  liquid  flows  between  two  tiiod  plane  surfaces,  parallel   ' 
Ui  each  other,  and  the  force  setting  tiie  fluid  in  motion  acts  either  1 
upon  each  particle  of  the  liquid,  or  equally  over  the  whole  of  a  eeotioa  ] 
normal  to  the  direction  of  flow,  the  velocity  at  different  points  in  the  | 
liquid  is  not  proportional  to  the  distance  from  the  solid  surface,— 

ceases  to  equal  — ,  and  the  rate  of  shear  is  not  the  iianie  at  all  pointa,  J 
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Althotigli  neither  in  the  measurement  of  the  viscniiB  constants  of 
lubricants,  nor  under  the  conditions  obtaining  when  hibricants  are 
applied,  do  we  meet  with  quite  the  conditions  of  flow  which  obtain 
between  stationary  parallel  planes  of  infinite  width,  it  is  advisable  to 
consider  this  particular  case;  for  it  serves  to  bridge  over  the  gap 
between  the  cx>nditions  under  which  a 
lubricant  really  works,  and  those  under 
which  its  viscosity  is  measured. 

Id  fig.  3  the  rate  of  shear,  which  is  the 
same  at  all  points,  is  indicated  by  the  slope 
of  the  straight  line  A,C| ;  but  when  the 
rate  of  shear  varies  regularly  across  the 
section  the  line  becomes  curved,  as  is  shown 
in  fig.  4,  when  the  viscous  liquid  is  sup- 
posed to  be  flowing  between  two  vertieal 
parallel  plane  surfaces  XX  and  XX,  under 
tiie  influence  of  uniform  pressure  acting 
on  the  surfaces  r^b,  on  each  side  of  YY. 
Here,  in  place  of  a  force  /,  acting  on  unit 
area  of  YV,  parallel  to  the  direction  of 
motion,  we  have  a  pressure  p,  acting  on 
unit  area  of  the  surface  br^  normal  to  the 
direction  of  flow.  This  force  may  result 
either  from  the  preesure  of  a  liquid  column, 
or  it  mar  be  regarded  as  the  effect  of 
gravity  acting  with  an  equal  force  on  each 
particle  of  the  liquid.  In  either  case  the 
nature  of  the  flow  is  the  same,  but  it  is  mo 
it  as  being  due  to  a  pressure  p,  acting  o 
direction  of  flow. 

If  we  take  a  length  a  at  either  bounding  plane  XX,  then  llie  whole 
prewure  on  tlie  section  6r,  there  teoda  to  shear  the  liquid,  tlie  total  preemire 
on  half  the  croea  section  being  jifrrn 
and  from  (8)  the  rate  of  shear  at  the  boundary 

=PK^ffi) (12) 

jfia    -vt 

Weahofind  thatatany  dietaucer  from  YY  the  rate  of  shear^^  .    (13) 

If 
and  we  see  that  the  rate  of  thear  ia  directly  proportional  to  tlie  distance  r 
from  the  plane  YY.    That  is  to  say,  at  any  point  C  (fig.  6)  in  the  liquid  the 

late  of  shear  is  proportional  to  BC.  Now  ^^  ib  the  rate  of  shear,  CA  being 
tangential  to  the  curve  at  C,  Draw  CD  perpendicular  to  CA,  to  cut  the 
centrelinein  D.     Then  we  have  22-?^.     But  ?^  is  proportional  to  JL 

'  (Ne  aboTv).     Tbetefure  S£  is  proportional  to  »  or  BD  is  conatout. 


Fni.  4, 


^! 


«3 


;i'> 


!'J 


:«: 


I  I 


!'j 
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But  BD  is  the  subnormal  of  the  curve  C^Efij,,  which  can  easily  be  shown 
to  be  a  parabola,  and  therefore  the  volume  of  nuid  passed  on  each  side  of 
YY,  in  unit  time,  is  half  the  volume  of  a  parabolic  pnsm  CjE]Ci  of  length  h. 


Now,  since  the  curve  is  a  parabola, 

BjE,  =iBjA„ 


and,  from  equation  1:2, 

therefore, 

and 


BjC,     va  ' 

B,A,=?^o' 
ria 

B  E  —  PV 
2ria 


(14) 


Now,  the  volume  enclosed  by  the  parabolic  curve  CiEi=§  the  area  of  the 
base  X  the  perpendicular  height. 
Therefore,  the  volume  passed  in  unit  of  time  on  each  side  of  the  plane 


YY 


and  the  volume  passed  in  any  given  time  (t)  will  be 

prp'bt 

StjU 


(16) 
(16) 

(17) 


W-' 
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ViBCOns  Flow  through  GapiUary  Tubes. — As  will  be  seen  when 
the  theoiy  of  lubrication  comes  to  be  discussed,  the  conditions  of 
Tisoous  flow  obtaining  between  plane  surfaces  are  all  important.  Still 
such  conditions  are  not  those  under  which  the  coefficient  of  viscosity 
rj  is  most  accurately  and  easily  measured.  The  most  concordant 
values  have  been  obtained  by  measuring  the  rate  of  flow  through 
capillary  tubes  in  which,  as  between  plane  surfaces  where  the  flow 
results  from  the  pressure  of  a  given  head  of  liquid,  the  rate  of  shear  is 
greatest  at  the  bounding  surface. 

Fi^.  6  shows  diagiammaticall^  the  conditions  of  flow  obtaining  in  a 
capillary  tube,  at  a  point  some  distance  from  the  end  at  which  the  liquid 
enters,  the  flow  having  reached  a  state  of  equilibrium  ;  for  at  the  inlet  end 
the  effects  of  inertia  manifest  themselves. 

In  a  portion  of  tube  of  length  a,  the  whole  pressure  on  the  cross  section 
C,C  tends  to  shear  the  liquid  at  the  bounding  surface,  and  the  area  over 
wnich  this  pressure  acts  is  eaual  to  2wrffl,  Now,  the  area  of  the  cross  section 
of  the  tube=«ro'.    Therefore,  the  total  pressure  over  the  cross  section 

=p«rg',  and  from  (8)  the  rate  of  shear  at  the  boundary  =    P^'^o — 

fl  X  iirfQ  X  O 

which  resolves  itself  into  ?!i (18) 

In  the  case  of  a  small  cylinder  of  liquid  concentric  with  the  tube  and  of 
radius  r,  the  rate  of  shear  at  its  boundary =^ (19) 

Therefore,  the  rate  of  shear  is  directly  proportional  to  the  distance  from 
the  centre  line  of  the  tube,  and  the  curve  indicating  the  rate  of  distortion  is, 
as  in  the  case  of  the  parallel  planes,  a  parabola  ;  and  the  voliune  passed  in 
unit  of  time  is  the  volume  of  a  paraboloid  of  revolution,  having  a  base  of 
radius  r^  and  a  height =B|£|  =  ^biA|  (fig.  5). 

From  (18)  we  have 

h^=.Eo_ (20) 

Therefore,  BiAi=|^^ (21 

and  B^E,=iB,Ai=^^ (22) 

4ria 

Now  the  volume  of  a  paraboloid  of  revolution  =  |  the  area  of  the  base  x 
the  perpendicular  height    Therefore,  the  volume  passed  in  imit  time 

=  ixwro2x^' (23) 


or  T, 

8      TK» 


'     P^o' (24) 


And  the  volume  V  passed  in  any  given  time=^  .  2ji_    .  .    (25) 

We  may  find  an  expression  for  the  viscosity  of  the  liquid  from  the  above, 
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hy  siibatituting  fur  p  its  eiiuivalent 
liquid,  and  tUe  f<irce  ot  gravity, 


a  terms  of  tlie  bead  and  densi^  of  " 


^26) 

Piiiseuiile  was  the  tint  Ui  duiuoiislrate  cxueiiiueuUlly  lliut  tliu  voliiuiv  of 
liquid  passed  by  a  capillaiT  tube  is  directly  proportional  to  the  pressure 
urging  it  ftloHL',  and  tu  the  fourth  power  of  the  radius  of  the  tube,  and  in- 
versely as  iU  length.  On  this  account  the  above  is  known  as  PoucutUe't 
foTitt'ila,  and  luay  be  used,  after  making  a  small  correction  foi-  h,  for  tlie 
pur])ose  of  calciiliiting  iibmliile  viscosities. 

Fbyaical  and  Mechanical  Viscosity.— Ah  Oslmme  HcyuoIdH  lias 
poiutodout,'  it  by  uo  uiooiia  ToIIowb  tliat  for  eacb  particulur  liquid 
a  fixed  value  of  ?)  need  ueoeaaarily  exist,  sjuuh  that/ calculated  by 
<^uatiou  (2)  agrees  witli  the  valiieu  of  /  determiuod  by  eiperiuient 
for  all  values  of  ti  and  r^  Aa  a  matter  of  tact  experiment  ttbowa 
that  liquids  have  nppareutly  two  vittcoaities ;  for,  an  is  well  known  to 
eugioeeru,  iu  large  pipes  the  reijistanae  to  flow  varies  as  the  square  of 
the  velocity,  aud  uot  direutly  as  the  velocity.  Wbeu  such  is  the 
caee,  i;  is  uot  constant  in  value. 

Carefully  couducted  experiments  by  L'oulomb,  Foiseuille,  and 
others,  on  the  rate  of  flow  through  long  capillary  tubcii,  have  proved 
conulusively  that  the  reaiatance  under  certain  conditions  is  pro- 
portioual  to  the  velocity,  and  that  q  has  then  a  constant  vaiu& 
Poiseiiille's  experiments  altio  proved  that  the  volume  parsed  varies  as 
the  fourth  power  of  the  radius  of  the  tube.  Such  being  the  case,  we 
may  safely  regard  the  flow  of  liquids  through  tubes  of  very  small 
bore  as  being  controlled  by  the  physical  viscosity  of  the  liquid,  and 
use  equation  2G  as  a  meaus  of  calculating  the  value  of  ij  when  the 
other  values  have  been  determined  experimentally.  But  the  fact 
must  not  be  lust  uight  of,  that  to  obtaiu  a  correct  result,  the  sixe  of 
the  tube,  the  intensity  of  the  pressure  producing  the  flow,  and  the 
viscosity  of  the  liquid,  mtist  bear  certain  relations  to  each  other. 
The  reasons  for  this  have  been  successfully  worked  out  by  Oabome 
Heyoolds,  who  demonstrated  that  the  two  viscosities,  physical  and 
mechauical,  result  from  a  change  in  the  character  of  the  flow  from 
that  of  direct  parallel  to  that  of  siuuoua  or  eddying  motion. 

To  show  this  change  iu  the  nature  of  the  flow  whou  the  velocity 
reaches  a  certaiu  value,  a  long,  Iwll-mouthed  glass  tube  was  immersed 
horizontally  iu  a  tank  of  water.  One  end  of  the  tube  passed  through 
the  side  of  the  tank  and  was  beat  vertically  downwards  tor  several 
feet,  being  terminated  by  a  stop-uock.  By  partially  opening  or 
closing  this  cock,  the  water  could  be  made  to  flow  through  the  tube 
at  any  desired  speed.  Terminating  opposite  the  l)ell-nionthed  tube, 
and  immersed  iu  the  water,  was  fixed  a  much  smaller  tube  througb 
which  a  highly  coloured  stream  of  water  was  discharged.  When  th« 
speed  of  flow  was  small,  the  coloured  steam  passed  throi: 
whole  length  of  the  bell-mouthed  tube  us  a  perfectly  straight  Uua 
'  "Theory  of  Lubrication,"  Phil.  TVarur.,  1889,  )■.  li 
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(tig,  7).  When,  however,  by  opening  the  cock,  the  speed  reached 
a  rartaiti  value,  the  band  of  tolour  suddeuly  brake  up  and  discoloured 
the  whole  of  the  liquid.     Ry  the  iutenaittent   light  of  an  electric 


Fiii.  7. 


Fio.  8 


spnrfc,  the  mass  of  colour  resolved  iUelf  into  a  aeries  of  more 
dwLincl  curls,  ahowing  eddies,  as  in  fig.  8. 

A  seriea  uf  experinictits  made  it  clear  that  so  long  hh  th 
recuaiued  direct  and  steady,  the  resietance  varied  directly  t 
velocity,  hut  as  whw  as  the  critical  speed  was  reached  the  reaiatanue 
becMue  proportional  to  the  sijuare  of  the  speed,  or  thereabouts,  and 
sinaous  motiou  wa«  set  up.  The  critieal  speed  was  touud  to  vary 
ilirectly  aa  tlie  viscosity,  and  invorsely  as  the  diameter  of  the  tube 
and  the  deiuity  of  the  Iit|uid. 

AltliuU|;lt  it  is  lui  experimentally  oscertaiued  fact  that  there  is  a 
certain  oritioal  speed  for  each  size  of  tube  and  each  liquid,  belon- 
which  tbf>  r«nstance  varies  directly  as  the  velocity,  and  above  which 
the  resistance  is  proportional  to  the  square  of  the  velocity,  the 
rcuoD  for  the  change  in  the  nature  of  the  flow  baa  yet  to  be 
aalL^actorily  explained. 

Wo  have  thus  two  essentially  distinct  viauoaities ;  the  one  a 
uioclianicAl  viscoiiity,  ari^ng  from  the  irregular  motion  of  the  fluid, 
and  the  other  a  true  physical  property  of  the  fluid  depending  in 
some  way  upon  ite  structural  peculiarities.  Although  the  value  of 
the  physical  viscoaity  determines  in  some  measure  which  of  the 
vijMHiKitiea  ahall  control  the  flow  of  the  fluid,  when  the  flow  is  once  in 
acconjancfi  with  titc  mechanical  viscosity  the  physical  visctwity  does 
not  in  any  direct  way  show  itself.  Thus,  when  in  a  particular  tube 
the  velocity  of  oil  or  treacle  is  sufficient  for  the  resistance  to  vary 
AS  the  square  of  the  velocity  {i.e.  for  the  liquid  to  flow  with  sinuous 
motion)  llie  resistnnue  is  practically  the  same  as  it  would  be  with 
watvr  at  the  same  velocity,  although  the  physical  viscosity  of  water 
iti»  Im  more  than  a  himdred  times  less  than  that  of  the  oil.' 

The  critical  velocity  ia  rarely  if  ever  reached  by  lubricating  films, 
ui'l  when  the  lubricatiou  is  perfect,  the  rosblance  to  relative  motion 
is  due  to  the  physical  viacoaity  of  the  lubricant. 

The  possibility  of  slippiug  at  the  boundaries,  or  of  internal  disrup- 
tion, utust  tiol  be  lost  sight  of.  So  far,  no  indication  of  this  has 
been  perceived,  either  in  water  or  liquid  lubricauU,  even  when  the 
tangential  «tTv»c«  to  which  thoy  have  been  subjected  in  narrow 
ehannols  havr  t>een  as  high  asO'TOS  Ih.  per  square  inch. 

botennUMlions  o(   viscosity    made  by   measuring  the  resistance 

nflered  bo  Uie  motion  of  discs  or  cylinders  immersed  in  liquids  are, 

for  the  most  pari,  mjHBti8facU)ry.     In  such  oases  turbulent  motion 

■  Otbomc  Bsynolcb,  Phil.  Trant.,  139S,  p.  IhZ. 
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is  loctkUy,  if  not  generally,  set  up,  and  the  results  are  miale&ding. 
For  this  reason  Buch  methodx  of  measuring,  or  attemptiug  to  meatiure, 
the  viscosity  need  not  be  referred  to  here. 

Effects  of  Temperature  and  PreBBure.— With  rise  of  temperature 
the  vJBcosity  of  liquids  decreases— sometimes  very  rapidly.  In  this 
respect  liquid  lubricauts  difl'er  greatly  from  each  other.  Oils  of 
animal  and  vegetable  origin  retain  their  viscosities  better  than  those 
of  mineral  origin,  but  they  all  become  very  mobile  with  rise  of  tem- 
perature, and  lose,  in  a  great  measure,  their  lubricating  value.  Not 
only  is  it  necessary,  therefore,  to  keep  a  liquid,  whilst  testing  it,  at  a 
very  uniform  temperature,  but  the  effect  of  varying  temperature  must 
be  carefully  observed. 

Viscosity  \-arieB  also  with  pressure,  water  having  its  viscosity 
decreased  by  this  means.  On  the  other  hand,  concentrated  eohitions 
of  common  salt  have  their  viscosities  increased  by  pressure,  as  has 
also  oil  of  turpentine.  No  experiments,  however,  seem  to  have  been 
made  to  ascertain  the  changes  of  viscosity  which  lubricating  oils 
uiidet^o  when  under  great  and  varying  pressures.  Such  information 
would  be  valuable,  since  lubricating  films  are  frequently  subjected  to 
very  considerable  loads. 

ConditionB  determiiung  Steady  Flow, — The  formnlre  obtained  tor 
the  flow  of  liquids  througli  capillary  tnbes  only  hold  good,  an  we  hava 
seen,  so  long  as  the  flow  is  direct  and  not  sinuous.  When  high  pressures 
and  comparatively  short  tubes  of  large  bore  are  employed,  the  liquid, 
if  not  very  viscous,  ceases  to  flow  steadily  in  paths  parallel  with  the 
bounding  walls;  the  motion  becomes  sinuous,  and  the  resistance 
offered  to  the  flow  of  the  liquid  ceases  to  be  directly  proportional  to 
the  velocity.  The  length  and  diameter  of  the  capillary  tube,  and  ths' 
pressure  with  which  a  liquid  (of  given  viscosity  and  density)  is  forced 
through  it,  must  therefore  be  properly  proportioned  to  each  other,  or 
the  physical  viscosity  cannot  be  even  approximately  determined. 

Osbomc  Reynolda '  htw  fonnd  that  for  the  flow  to  be  xteady  the  product  of 
ihe  mean  velocitj^  C,  the  radius  of  the  tube  r„,  and  the  density  of  the  liquid  f, 
divided  by  the  viscosity  ii,  miiEt — -in  the  case  of  a  round  tube — be  less  than 
a  certain  constant  tt. 


L^<700 


(37) 


id  ineasuret  i 
powers  of  J 


This  constnnt  (700)  is  the  same  whatever  system  of  weights 
l>Q  arlopted,  for  the  divisor  and  dividend  eaiili  iiivob 
length,  nutss,  and  time. 

Wlien  the  value  of  c  ia  less  than  700,  the  volume  of  liquid  [lassed  is, 
already  demonstrated,  -'-   .  ^^SI^ 


ISTBIi^AI,   KHICTION   OR   VISCOSITY   0?   IJQUIDS. 
Siilj^tuting  ill  miiiation  (27)  ihe  vnliic  of  C  in  ei{iiatii>n  (28)  we  liu' 
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Uuleu  the  pn>{)urtiuTiii  ut  tUe  viftcometer,  and  lUu  pliynical  properties  of  I 
iht  liquid*  used  in  it,  hv  in  accordauce  with  Urn  i'«i«irenienls  of  ihU  t 
raiiAlion,  the  flow  will  lie  unsteady,  and  the  true  viscosity  cannot  be  I 
calculated.  Wh«n  abeolute  viscosiliea  are  desired,  the  Tiscomt<lur  should  be  | 
designod  «o  as  to  make  the  value  of  c  na  small  ae  poiuble. 

Bat  sinnous  motion,  even  when  e  Is  very  muchureat^sr  Dian  700,  does  uol  J 
•et  in,  as  will  b«  Be«ii  fioiu  lig.  &  iniiueaiately  Uiv  Hiiid  enters  tlie  tub&  I 
With  lubea  having  tnunpeUBliaped  oriBwa  the  dtaltirbaiicea  appeur  and  the  I 
flow  baooniM  unuuiis  at  about  thirty  diameters  from  the  end  ;  bill  when  the  1 
and  is  fUlthedittiirbaDce»approach  theintet  endmorecloaely.  TheHowol  I 
tiqnjda  in  very  short  tubes  is,  therefore,  free  (rom  eddies,  even  though  the  I 
vbcority  of  the  liquid,  the  diameter  of  the  tube,  and  the  rate  of  flow  may  be  l 
fu^  as  tn  make  c  greater  than  700.  In  such  case«,  although  the  flow  ' 
■Usily  Ihroiighoutlhe  tube  fur  some  dixUnce  from  the  inlet,  Ihe  velocities  ai 
nut  sudi  that  the  rate  of  distortion  is  proportional  to  the  diiit«ni;e  from  the  1 
oenlra.  Such  short  tubes  may,  therefore,  be  used  to  obtain  comparative,  bat  I 
M>t  abtoluU,  viscofliliea,  even  with  verv  mobile  liquids.  The  conditiuna  j 
which  detenninu  whether  the  flow  shall  be  steady  or  unsteady  are  often  I 
Vttry  comply,  for  the  stream  liues  may  be  parallel,  as  in  tubes  or  between  ] 
parallel  inrfacei" :  convergent,  as  in  a  conical  mouthpiece ;  or  divei^ent, 
■a  in  lIiB  latter  case  when  the  motion  la  reversed. 

The  oircumatunces  which  conduce  to  a  direct  steady  motion  ar 
(a)  high  viacoBity  or  fluid  frictltm  ;  (b)  a.  free  stirface,  as  in  a  fountain    | 
jot ;  (c)  solid  convargiug  boundarieii ;  and  (d)  curvature,  with  the 
velocity  f^eateat  oulaido.' 

The  cifcumstaiH-ea   which  conduce  to  sinuous   motion  are— (a) 
particular  variation  of  voliiuity  acrosti  a  Htreaui,  ua  when  a,  stream    . 
tinwa  through  still  wut«r :  (li)  solid  bounding  walls ;  (c)  solid  diverg- 
ing bonndarics :  and  (d)  curvature,  with  the  velocity  greatest  inside. 

Bnergy  (tf  Flow  through  Capillary  Tubes. — Wheu  the  coefficient 
of  viscosity  ia  calculated  From  Poiseuillo's  formula  (26),  it  is  assumed 
that  the  character  of  the  motion  ia  the  same  at  all  sections  of  the    , 
tube,  and  that  all  the  energy  supplied  to  the   liquid  is  converted   1 
into  b«l  vilhin  iht'  tube.     But  the  coefGcient  so  obtained  is  only  J 
appronmattity  uorrect,  for  tiol  only  is  there  somo  resistance  to  the  flow  J 
iif  the  liquid  oiiteide  the  tube,  but  the  steady  condition  of  flow  within 
the  tulw  in  not  reachwi  until  the  liquid  has  travelled  some  distanoe 
from  the  oritic*.     The  liquid,  when  it  approaches  the  critical  sjieed, 
oft«u  pviaeiis«s  coiisiderahlQ  velocity,  and  an  appreciable  amount  of 
niwrgy  thuu  oiidt*  an  kinetic  energy  in  the  issuing  fluid.    As  this  energy 
reiultd  friiin  the  prcaaure  due  to  the  head  ot  liquid,  a  deduction  on  j 
thia  accnnnt  should  bo  niade  if  acciunoy  is  aimed  at.  I 

Wr  have,  consequently,  four  sourcea  of  error  to  consider  and,  if  ■ 

'  fruc.  Kayit  tuitUutuni.  2Stli  Maroh  1884. 
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possiblo,  to  allow  for— (n)  cxtcniitl  viijcous  resintance  iu  the  liqiikl  «S 
the  uiids  of  the  tube  ;  (6)  abnormal  coiidittouH  of  daw  at  iulet  end  of 
tube ;  (c)  surface  totisiou  effects  at  discharge  orifice ;  and  (d)  energy 
of  Qow  at  point  of  diachai'ge.  No  corrections  hare  yet  been  devised 
Cor  a  and  b.  Tbe^  are  small  and  become  practically  negligible  wheit 
the  tube  is  loug ;  but  when  the  tubes,  compared  with  their  diameters, 
are  so  short  that  sinuous  motion  is  not  set  up,  even  when  the  value  of 
e  is  much  greater  than  700,  the  necessary  correction  often  becomes  so 
large  that  the  true  viscosity  cannot  be  calculated  even  approiimately.  ' 
Neither  can  an  allowance  for  d  bo  made,  for  a  state  of  equilibrium 
is  not  reached  even  at  the  end  of  the  tube,  and  the  energy  of  flow 
oannot  be  found. 

The  third  source  of  error  (c),  however,  is  of  some  importance,  and  is 
sometimes  met  by  so  designing  the  viscometer  that  the  discharge  end 
of  the  capillary  lube  is  always  immersed  iu  the  liquid.  Au  allowance 
on  this  head  is  difficult  to  make  when  the  liquid  flows  directly  into 
the  air  from  the  orifice,  for  its  value  depends  upon  the  curvature  of  the 
liquid  Burfaoe  as  well  as  upon  the  actual  tension  of  the  surface,  i.e. 
upon  the  dimensions  of  the  drops,  or  upon  the  form  of  the  liquid 
stream  and  the  surface  tension  of  the  liquid. 

The  fourth  (d)  is  important,  and  can  be  accurately  determined  when 
the  tube  is  long  and  a  steady  condition  of  flow  is  set  up,  for  there  is 
no  reason  to  suppose  that  any  change  takes  place  in  the  distribution 
of  energy  as  the  discharge  orifice  is  approached. 

Correetloii  for  Ener^  of  Flow.^Tliat  a  correction  for  the  eneigr  of 
tlow  is  necessary  was  pointed  out  by  Uagenbach,'  and  his  mctliod  of 
meatiuring  it  lias  been  very  generally  followed.  Lately,  however,  WJlber- 
force'  has  deuionstrated  that  nie  correction  Mkgseeted  by  Hageiibach  is  too 
aniall,  and  that  the  true  correction  is  fuminhedby  deducting  from  the  mean 
head,  h,  a  quantity  =  — ,  where  e  la  the  mean  velocity  of  flow  through  the 

tube.  A  geometrical  method  of  demonKtiating  this  is  aliown  in  fig.  6.  in 
which  the  ordinaie«  of  the  parabolic  curve  C,E|  give  the  velocities  of  Row 
at  any  distance  from  the  centre  line.     If  they  oe  regarded  as  representing 

the  successive  values  of~,  where  r.  is  the  niaxiumm  velocity,  then  B.E,   is 

u,  ' 

equal  to  unity  on  tliis  scale. 

""  c  CE,  ia  plotted  on  the  earn 


values  of  I  —  1  ; 

proportional  to  I —  I  2irf.     The 

scale  to  {  —  \ii,r. 


oe  suale  lo  represent  the  corresponding 
finally  the  oi-dinatea  of  the  curve  BiAC  are  made 


rdinatCB  uf  B^D  are  equal  on  the  s 


a  thin  cylinder  uf  liquid  ut  radius  r,  lungth  a,  and 


'  Pagg.  Aim.,  ISSO.,  oiz. 
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and  is,  therefore,  proportional  to  the  area  of  the  part  of  the  curve  B^AC 
inclnded  between  the  corresponding  ordinates. 

Hence,  the  total  area  of  the  curve  BjAC  is  proportional  to  the  energy  of 
flow,  and  in  the  same  way  it  can  he  shown  tnat  BiCjD  would  be  pro- 
portional to  the  enersnr  of  flow  if  the  velocity  were  constant  across  the 
section.  If  the  areas  jB|AC,  BjIX/,,  be  now  measured  up  with  a  planimeter, 
BjAC  will  be  found  to  be  equal  to  just  twice  B,DCi.  Hence,  the  true 
energy  of  flow  is  equal  to  twice  that  obtained  on  the  assumption  that  the 
velocity  is  uniform  all  over  the  section. 

In  this  latter  case,  the  correction  would  evidently  be  -  — .     Hence  the 

true  correction  is  -  — ,  as  shown  by  Wilberforce  and  others. 

When  all  the  values  reciuired  for  calculating  the  viscosity  by  Poiseuille's 
formula  (26)  are  known,  trie  deduction  necessary  in  the  value  of  h  is  easily 
obtained,  for 


0 

Substituting  this  value  for  v  we  obtain 


(32) 


a.s  an  expression  for  the  required  correction. 

IHieoawter  Proportiona. — In  order  to  obtain  the  value  uf  n  with  accuracy, 
it  is  necessary  that  the  correction  for  energy  shall  be  small— say  one  or  two 
jier  cent.     A  formula  for  calculating  this  percentage  is  obtained  as  follows  : 

The  energy  correction  being  equal  to — 

^  :  ^ :  :  100  :  % 
9 

Therefore,  =  % . 

Substituting  for  v^  the  value  from  (28) 

6Vo%   "    64„V    ~    ^"^  fi^a^   ~'^- 

lBl«t  End  Raiiitance. — This  disturbing  factor  has  not  yet  received  any- 
thing like  complete  experimental  treatment. 

Fig.  9  shows  the  imet  end  of  a  capillary  tube  into  which  a  liquid  is 
flowing.  The  speed  of  flow  everywhere  decreases  as  we  leave 
the  centre  line,  and  increases  as  the  orifice  is  approached.  The 
li(^uid  is  consequently  undergoing  shear,  both  inside  the  tube 
and  outside  near  its  ends,  and  the  resulting  resistance  must  be 
added  to  that  in  the  tube  if  we  are  to  obtain  the  true  viscosity. 
Tliis  resistance,  and  that  due  to  the  abnormal  conditions  of 
flow  just  inside  the  tube,  we  may  allow  for  by  somewhat 
increasing  the  lenffth  of  a.  Some  experiments,  the  results  of 
which  we  shall  ffive  when  we  come  to  deal  with  practical 
▼i80onietry,and  wnidi  were  made  for  the  purpose  of  calibrating 
viBoometers  having  short  capillary  tubes,  show  that  when  the  Fio.  9. 
rate  of  flow  is  so  slow  that  the  energy  correction  is  negligible, 
the  Tieoodtyy  calcakited  by  Poiseuille's  formulai  is  somewhat  greater  than 
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('i[|)eriment  wilh  very  long  luW  proves  it  to  be.  The  value  wu  obMined 
for  waler  at  20°  C,  usme  a  viBCometcr  with  a  long  anil  narrow  bore,  ia 
about  2  per  tent,  greater  tli&ti  that  obtained  by  Thorpe  and  Bodf{er.> 

Plastic  Friction. — Plastic  stibstaiices,  auch  as  IaIIow,  lard,  moist 
chiiia-cla_v,  etc.,  dittbr  from  viscous  fluids  itiasmiich  as  they  reqtiire 
that  the  shearing  stress  shall  reach  a  certain  value  before  continuous 
shear  takes  pla«e.  Tliey  can,  therefore,  permanently  retain  their 
shapes  when  the  stresses  are  unoqiuil  in  different  directions ;  i.e.  they  < 
can  trauatuil  stresses  without  undergoing  continuous  shear.  Some-  , 
times  the  plastic  yield-point  is  very  low,  and  the  aubstance  behaves 
much  as  docs  a  viscous  liquid.  A  layer  of  lard,  for  example,  placed 
between  two  smooth  surfaces,  which  are  prevented  thereby  from 
touoUiog,  requires  the  eseroiso  of  a  definite  stress  to  cause  tangential 
motion  ;  but  when  once  relative  motion  la  tiet  up  by  the  action  of  a 
sufficiently  powerful  force,  the  resistance  increases  with  each  increase 
in  the  rate  of  shear.  In  the  case  of  plastic  friction,  therefore,  we 
have  something  corresponding  to  the  static  friction  of  solid  surfaces 
in  contact ;  but  whether  the  plastic  yield-point  varies  with  the 
pressure  normal  to  the  direction  of  flow  (shear),  or  whether  the 
resistance  is  proportional  to  the  rate  of  shear,  is  uncertain. 

The  distinction  between  plastic  or  soft  solids  and  viscous  ones  was 
clearly  recognized  by  Maxwell.^  He  says:  "When  continuous  altera- 
tion of  form  is  only  produced  by  stresses  eaceeding  a  certain  value, 
the  substance  is  called  a  soft  solid,  however  soft  it  may  be,  .  .  .  Thus, 
a  tallow  caudle  is  much  softer  than  a  stick,  of  sealing-wax  ;  but  if  the 
candle  and  the  stick  of  sealing-wax  are  laid  horizontally  between  two 
supports  in  summer,  the  sealing-wax  will,  in  a  few  weeks,  bend  with 
its  own  weight,  while  the  caudle  remains  straight.  Tbe  candle  is, 
therefore,  a  soft  solid,  and  the  aealiug-wai  a  very  viscous  fluid." 

It  is  evident  that  the  same  substance,  for  instance,  lard  or  tallow, 
may  act  when  in  use  either  as  a  plastic  lubricant  or  a  viscous  one,  for 
at  moderately  high  temperatures  these  substances  melt,  and  may 
become  viscous  lubricants,  i.e.  true  oils. 

At  Urst  sight  it  would  seem  that  the  restsbiuce  to  shear  offered  by 
a  plastic  substance  would  be  so  great  that  it  would  be  altogether 
unsuitable  for  lubricating  jiurposes.  But  such  is  by  no  means  the 
case  ;  indeed,  at  very  low  speeds  the  resistance  to  motion  of  a  film  of 
plastic  grease  is  often  smaller  than  that  of  an  oil  film,  for  the  grease 
film  is  much  thicker,  and  tbe  rate  of  distortion  is  less. 

When  two  surfaces  are  forced  together  between  which  there  is  a 
plaatic  substance,  the  pressure  or  stress  is  transmitted  from  point  to 
point,  shear  takes  place,  and  the  intervening  lubricant  is  expelled.  A 
viscous  liquid  under  such  conditions  is  expelled  initil  the  bearing 
surfaces  come  into  contact,  or  the  surface  forces  prevent  further  escape. 
Such,  however,  is  not  the  case  if  the  intervening  lubricant  be  plastic, 
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for  the  nearer  the  surfaces  approach,  the  less  the  shearing  stresses 
become,  and  long  before  the  surfaces  can  touch  they  reach  the  plastic 
yield  point,  and  further  flow  ceases. 

In  fig.  10  are  shown  the  experimentally  ascertained  curves  of  shear 
for  plastic  clay.  Here  the  surfaces  AB  and  CD  are  approaching  each 
other  without  tangential  motion.  The  curves  showing  the  conditions 
of  distortion  will  be  seen  to  differ  remarkably  from  those  of  a  viscous 
fluid,  which  take  the  form  of  parabolas  (fig.  28,  p.  67). 

Unfortunately,  there  is  very  little  experimental  data  to  guide  us 


Fig.  10. 

here,  except  such  as  is  furnished  by  the  actual  working  of  vehicles 
lubricated  by  greases.  This  aspect  of  the  question  can  be  more  satis- 
factorily discussed  when  we  come  to  deal  with  the  theory  of  lubrica- 
tion, for,  as  we  have  pointed  out,  the  actual  resistance  to  motion  offered 
by  oil  and  grease  Blms  depends  upon  their  thickness,  area,  and  the 
temperature  produced  by  the  friction,  as  well  as  upon  the  absolute 
viscosity  or  plasticity. 

Many  of  the  greases  used  for  lubricating  purposes  are  mixtures  of 
soft  solids  and  viscous  oils  or  soaps.  On  standing,  the  oils  sometimes 
separate  out  from  the  solids  as  minute  globules,  suspended  in  a  solid 
matrix.  When  kneaded,  however,  the  oil  is  spread  out  and  forms 
continuous  films,  which  much  reduce  the  resistance  to  shear. 
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Lnbrication  and  Superficial  Tenaion. —  Introduetory. — Although 
Osbonie  llejnolds^  lias  proved  that  the  results  obtained  by 
Beauchamp  Tower  ^  with  perfectly  lubricated  joiinmlB  were  entirely 
due  to  the  viaooaity  of  the  oils  employed,  it  has  become  clearly  recog- 
nised  by  engineers  that  when  the  supply  of  oil  is  iusulficient  fur 
perfect  lubrication,  and  when  the  rate  of  friction  ia  very  slow,  or  the 
load  ezoetisi  ve,  1  ubrioation  depends  upon  other  less  generally  understood 
and  Homewhat  obscure  propertieu.  As  a  matter  of  fact,  a  liquid  may 
have  the  required  viscosity  and  yet  not  be  a  lubricaut.  J.  Veitch 
\\'il8on  Btates  that  body  or  viaooaity  is  not  the  only  property  by  ' 
which  the  antifrictional  value  of  an  oil  is  determined.  The  difTer^ 
eutiating  principle  must,  he  urges,  be  attributed  to  some  other  j 
property.  Thurston  states  that  a  liquid,  to  act  as  a  lubricant,  must  f 
posseBs  "  enough  '  body '  or  rombiiied  capiUarity  aiui  iHscosily  to 
keep  the  anrfaces  between  which  it  is  interposed  from  coming 
contact.  .  .  ,"  Although  he  does  not  substantiate  this  statement 
in  detail,  there  is  every  reason  for  regarding  it  as  tnic,  If  not  taken 
too  literally. 

To  be  lubricants,  liquids  and  soft  solids  should  feel  oily  or  greasy. 
As  capillarity,  oilinesa,  greasiness,  wetting,  emulsification,  etc.,  are 
either  wholly  or  in  part  phenomena  resulting  from  superficial  tension, 
this  property  will  be  dealt  with  at  some  length,  so  far  as  it  seems  to    [ 
throw  light  upon  lubrication  problems  ;  for  the  phenomena  resulting   j 
from  superficial  tension  are  among  the  raoet  interesting  and  important 
that  can  engage  the  attention  of  either  the  chemist  or  the  engineer, 
and  they  manifest  themselves  in  a  great  variety  of  ways.     Unfortu- 
nately, the  values  of  many  of  the  physical  constants  a  knowledge  of  J 
which  is  required —such  as  the  tliickneus  of  various  liquid  films  when  I 
spread  over  or  between  aotid  surfaces— have  not  in  mauy  cases  been  J 
measured, 

LHliriealinij   fi/ma. — When   a   glass  surface  is  nibbed  by  a  wet   ' 
'  Phil.  Traill.,  1888,  p.  167. 
=  Pnc.  IiuL  Mseh.  Eng.,  1884, 
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fin^r,  care  Iiaviiig  Iiocd  taken  to  rumove  nil  grease,  Ltie  Friction 
Iwtween  th«  akin  and  the  glaas  m  very  conaiderabte.  If  tlip  tsurface 
W  th«  Mlge  t*t  u  wine  glttiM,  the  itlt«niitte  Hei^uig  nod  frcdng  of  the 
luuloct  HiirEncee  (Miisiti  the  glaas  to  vibrate  mid  produce  a  miisic&l 
note.  ¥,\<m  Buch  a  thick  liquid  iks  glycerine,  when  the  rubbing  luovu- 
lUGDt  IS  slow,  fiiils  to  keep  the  surfaces  apart  and  prevent  the  gbi^s 
fmm  fwiliiig  tiarah,  A  little  grease.  Fat,  or  good  lubrientiiig  oil  will, 
mi  tlio  other  hand,  remain  as  a  fairly  thick  tilm  Itelween  the  siirfikoes, 
Mid  enable  ttiein  to  slip  freely  over  each  other,  even  at  low  speeds. 

We  may,  therefore,  take  it  that  a  film  of  pure  water  between  two 
mild  suriaoes  is  no  thin  that  it  faiU  entirely  to  keep  their  asperitiee 
fmoi  interlocking  ;  whereas  lubricating  oils  form  filuis  on  such  mirFaces 
which  succeed,  more  or  less,  in  preventing  the  uurfacw  From  seiKing. 
aud  so  greatly  reduce  the  friction  U-tween  Iheiu. 

In  many  reapects,  the  property  which  aome  liquid  tilms  possess  of 
powerfully  resisting  all  attempts  to  reduce  their  thiekueasea  Iwlow 
L'ertaiji  fixed  vnliies,  and  even,  as  we  shall  see,  of  preventing  bubbles 
Froni  btirsting,  i»  a  most  valuable  oue.  It  is  evidently  in  iiu  direct 
way  dependent  ou  viscosity,  for  many  verj-  viscous  liquids  fail  entirely 
to  form  lubricating  films.  Xor  is  it  measured  by  the  superficial 
teusiuu  uf  the  hqiiid.  All  we  have  a  right  to  say  is '  that  when  the 
Mpcfiieiiil  tension  oC  the  lubricant  is  less  than  that  of  the  solid,  the 
liquid  Hpmds  itself  over  the  surface  of  the  latter,  and  when  it  has 
o  oovered  the  surface,  its  lubricating  value  depends  upon  the  thick- 
ness of  the  layer  it  forms,  and  the  extent  to  which  it  resists  efforts 
made  t«  expel  ur  eitnide  it. 

Soap  i^BuMe)  Film*. — If  the  looped  end  of  a  piece  of  wire  be  dipped 
into  a  solution  of  soap  and  water  and  then  removed,  there  will  be 
necn  stretched  across  the  loop  a  thin  diaphragm  of  liquid.  Such  a 
film  puwesaea  considerable  olaaticity  and  strength,  as  may  be  proved 
bv  placing  upon  it  a  small  moistened  wire  ring,  which  it  supports 
without  hri»ikiug.  In  other  words,  the  tilm  resembles  a  sheet  of 
indiaruhher,  some  force  being  required  to  stretch  or  distort  it, 
Vernon  [toys"  has  descrilMtd  a  number  of  very  beautiful  experiments, 
illuatrattng  the  tension  properties  of  such  liquid  films.  He  used  for 
this  purpose  a  mixture  of  1  part,  by  weight,  of  sodium  oleate,  dis- 
Bulvi-a  iu  40  parts  of  distilled  water.  When  solutiou  was  complete, 
•jiiu.tliird  of  its  volume  of  glycerine  was  added  to  the  hquid,  and  the 
wliuir  was  alliiwed  to  settle.  The  liquid  was  then  siphoned  oft"  from 
iinpuritica  which  had  risen  to  the  surface,  and  was  clarilied  by 
the  addition  of  a  few  drops  of  amiuouia,  Films  made  of  this  mixture 
lut  a  verj-  long  lime,  and  very  instructive  studies  of  superficial 
teiuiiuii  phenuiueiia  luny  lie  made  by  their  means.  Such  films  consist 
of  two  Kurfncv  layers  which  have  ehiaed  together  by  the  withdrawal 
iif  Uio  waUyr  from  botwoen  them,  and  each  layer  is  under  the  same 
dcpre  of  struH.  The  surfaces  of  all  liquids  exhibit  allied  pheuomenn. 
iVttiing  ')/  Solid  Hur/acee. — A  slip  of  ckan  glass  dipped  into  a 
'  Sm  p.  3T.  ■'  n^K  Jlai,.,  May  1B88,  [..  106. 
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vessel  of  water,  and  tlion  withdrawn,  will  be  found  tJi  liAve  ft  thisH 
film  of  water  adhering  to  it.  The  film  so  fonned  consist*  of  two  I 
anrfaw!  lajers,  one  in  contatt  with  the  air  and  the  other  in  contact  A 
with  the  glass.  In  this  ease,  the  mass  of  glass  plays  the  aanie  part 
iw  the  Mr  in  a  liuhble.  If  the  plate  be  held  vertically  and  partially 
hiirueiiied  in  a  vessel  of  clean  water,  the  external  surface  layer  of  the 
^..,  film  on  the  glass  becomcB  uonuiiuous 

with  the  surface  layer  of  the  water, 
and  it  will  be  observed  that  the  water 
Hurfaee,  where  it  meets  the  solid,  is 
distorted,  aa  shown,  exaggerated, 
tig.  11, 

Here  the  surface  layer  of  the  liquid 
in  the  vessel  is  in  a  state  of  tension, 
Kid.  11.  the  external  surface  layer  on  the  raised 

glass  plate  ia  in  a  similar  stat«  Ot 
tension,  and  the  two  stresses  are  acting  at  right  angles  lo  each  other.. 
To  balance  these  tensions  a  small  quautity  of  water,  shaded  in  the 
figure,  ia  lifted  above  the  general  level,  and  the  free  surface  Iteoomeu 
curved.  The  weight  of  the  water  or  other  liquid  raised  ia  proportional 
to  the  superficial  tension  of  the  vertical  surface  layer  or  film,  which 
covers  the  glass  and  is  in  contact  with  the  air,  just  as  the  load  on 
a  spring-balance  is  proportional  to  the  stress  on  the  spring. 

The  superficial  tensions  of  different  liquid  surface  films  vary  very 
considerably,  that  of  merciiry  being  greater  than  that  of  water,  whiliit 
tliC  superficial  tension  of  the  latter  is  greater  than  that  of  oils. 

Stability  of  Liquiil  Filmg.—\eTy  little  ia  known  concerning  the 
thicknetis  or  viscous  properties  of  liquid  films,  other  than  can  be 
gathered  from  friction  phenontcna.  For  example,  the  cipcrimente 
of  Thurston '  on  the  static  friction  of  surfaces  lubricated  with  lard 
oil  and  sperm  oil  would  seem  to  prove  that  although  the  former 
is  nearly  twice  as  viscous  aa  the  latter,  the  lard  oil  gives  the  smallest 
coeflicient  of  friction,  and  therefore  must  form  the  thickest  lubricating 
film. 

A  difference  has  also  been  noticed  in  the  relative  stability  of 
bubbles  blown  with  different  liquids.  Pure  water,  for  eiample,  will 
not  form  permanent  hubbies— the  film  rapidly  geta  thin  in  places  and 
bursts,  owing  to  the  superior  tension  of  the  surrounding  parts.  On 
the  other  hand,  when  soap  is  added  to  the  water  the  film  refuses  to  be 
reduced  to  a  thickness  of  less  than  twelve  milliontha  of  a  miUimetre, 
for  with  decreasing  thickness  its  strength  increases.  This  minimum 
thickness  of  u  soap  film  is  sufficient  to  prevent  polished  surfaces 
separated  by  it  from  touching  each  other  except  at  a  few  points  and, 
therefore,  constitutes  it  a  lubricant. 

Reinold  and  Hiieker^  have  studied  the  properties  of  soap  films 
with  great  care.     When  first  formed,  the   surfaces   enclose  a  con- 
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siderftlile  volume  of  liquid  which  does  not  in  any  way  affect  the 
tension  of  the  siirFiice  layer,  and  when  tbla  portioQ  of  the  liquid  has 
drained  away,  the  film  remains  at  a  constant  tbickuena  of  about 
twelve  millioDlhs  of  a  millimetre.  At  tliia  figure  the  surfaces  may  be 
coDflidered  to  liave  closed  together,  and  the  fjlma  look  black  all  over, 
for  Ibey  reflect  very  little  light  and  have  ceased  to  sliow  Newton's 
rings.  The  stability  and  uniform  thickness  of  these  thin  films  indi- 
t»be  that,  when  a  certain  miutmum  thickness  has  been  reached,  the 
tensile  strength  increaaes  and  prevents  rupture. 

The  majority  of  eren  very  viscous  mineral  oils  are  deficient  in 
otlinon,  for  they  do  not  form  films  sufficiently  thick  to  keep  the 
static  friction  as  low  as  can  be  obtained  by  using  animal  or  vegetable 
lubriouils.  This  baa  led  to  the  manuAtcture  of  'blended  '  and  soap- 
thickened  oils.  The  former  are  mixtures  of  mineral  with  animal  and 
vegetable  oils.  The  latter  contain  metallic  soaps,  which  are  supposed 
to  act  by  increasing  the  visoosity,  hut  which  may  have  the  same 
effect  upon  mineral  oils  as  on  water,  i.e.  tbey  may  cause  them  to 
fcirm  thick  lubricating  films  instead  of  tbiti  ones. 

Kxperiment  only  can  determine  whether  tlie  latter  mixtures  are 
really  useful ;  the  suliBtances  added  are  not  always  adulterants,  but 
rather  ingredietita  added  for  the  purpose  of  conferring  upon  the 
lubricBitta  properties  in  which  they  are  deficient. 

Theory  of  SuperflciBl  Tensioa.— J/iVeirufar  Atfraetian. — Some 
reasons  have  already  been  adduced  in  support  of  the  view  that  the  mole- 
cules of  isolids  powerfully  attract  each  other  when  brotight  into  close 
juxtapcnition.  This  in  equally  true  of  the  molecules  of  liquids,  which, 
in  spite  of  their  fluidity,  require  the  expenditure  of  a  considerable 
amount  of  energy  to  separate  their  molecules  <^o^lpletely.  At  sensible 
distAHces  the  attractive  forces  between  molecules  are  inappreciable, 
but  nben  the  distances  separatiug  them  become  infinitesimal  the 
farven  become  extremely  powerful.  It  has  been  computed  that  such 
attnuttluria  Ijeuotue  t)ereeptible  when  the  distances  separating  the 
inol«culee  are  reduced  to  j^^^,  millimetre  (Quincke). 

Bertbelot  found  that  water  could  sustain  a  tension  of  about  50 
atoigapheres,  applied  directly,  and  the  phenomenon  of  retarded  ebulli- 
tion, ilraKriljed  by  Dufour,  helps  to  confirm  this  view.  In  a  vessel 
ooDtsining  n  mixture  of  linseed  oil  and  oil  of  cloves,  the  latter  observer 
iuimcriKd  drops  of  water,  which  were  still  seen  to  be  swimming  about 
alter  the  temperature  hod  been  raised  to  356*  F.  The  pressure  of 
ai|UeouH  vapour  is,  at  tliis  tern ]>erat lire,  nearly  ten  atmoBpheres,  or 
•Iwiut  1 47  lbs.  per  square  inch.  Hence,  the  coheaion  ot  the  water  must 
tic  able  to  support  a  tension  of  at  least  132  lbs.  per  srpiare  inch.  In 
tliMeniperimeuIa.the  water  was  carefully  freed  from  dissolved  air,  etc. 

/n/nu'iVj/  a/  Mot^ciilaT  Stre»»e». — Evaporation  or  boiling  may  be 

rvgarded  u  a  process  in  which  the  cohesive  forces  of  the  molecules  of 

the  ti-^uid  have  boon  completely  overcome,  the  heat  rendered  latent 

being  a  OMjasuro  of  these  forces.     This  view  Lord  Rayleigh  ^  regards  as 

1  I'hil.  tfng..  Oft.  1890,  ii.  2a«. 
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subBtantially  sound,  and  he  oaloiiUteft  thiit,  on  this  hypothesis,  the 
cohsBive  force  of  water  is  25,000  atinospheroa. 

Lord  Kelvin  has  pointed  out '  that  the  esperimen tally  aBcertained 
attrautivG  forces  are  millions  of  timea  greater  than  would  follow  from 
the  law  of  gravitation,  on  the  supposition  that  matter  is  perfectly 
homogeneous ;  but  aa  we  know  that  matter  in  not  perfectly  homo- 
geneous, by  poatulatiug  sufEcient  heterogeneity,  the  attractive  forces 
may  be  accounted  for  without  assuming  any  attractive  force  other 
than  that  in  aiicordance  with  Newton's  law. 

It  is  admitted  that,  as  there  is  every  reason  to  believe  that  the 
atoms  and  molecules  never  come  into  actual  contact,  this  attractive 
force,  which  is  operative  over  a  limited  range,  must  be  balanced  by 
a  repulsive  force  of  suitable  intensity,  operative  over  a  different 
range  ;  consequently,  the  molecules  approach  each  other  until  their 
attractive  and  repulsive  forces  are  in  equilibrium. 

Cotiditiim  oj  Surfare  Moh-itlee. — It  is  clear  that  the  molecules  in 
the  interior  of  a  liquid  are  attracted  by  other  molecules  on  al!  sides. 
On  the  other  hand,  the  molecules  at  or  very  near  the  surface  are  differ- 
ently situated,  for  tlie  attractive  forces  are  then  by  no  means  equal 
in  all  directions.  In  other  words,  the  molecules  at  or  very  near  the 
surface  have  their  attractive  forces  only  partially  satisfied,  and  the 
unbalanced  stresses  are  constantly  t«ndiug  to  reduce  their  number 
and,  therefore,  to  decrease  the  surface  area.  Any  uicrcase  of  the 
surface  area  involves  an  increase  in  the  number  of  molecules  whose 
attractions  are  not  satisfied,  and  to  effect  this,  force  must  lie  exerted. 
We  thus  have  all  liquid  surfaces  tending  with  considerable  force  to-, 
contract  their  areas,  and  eihibiting  the  phenomenon  of  superfii ' 
tension.  The  resultant  effect  of  the  mutiial  attractions  bet' 
different  portions  of  a  fluid  really  gives  the  same  result  as  would 
obtained  if  the  liquid  were  "absolutely  deprived  of  the  attractive 
forces  of  its  molecules,  and  its  whole  surface  were  coated  over  with 
an  infinitely  contractile  film,  possessing  a  luiiform  contractile  force."  ^ 
This  is  a  convenient  way  of  explaining  the  fact  that  a  mass  of  liquid, 
left  entirely  to  the  action  of  cohesive  forces,  assumes  a  spherical 
figure,  but  it  is  important  not  to  lose  sight  of  the  fact  that  the 
spherical  form  is  the  result  of  an  endeavour  of  the  particles  to  get 
as  near  to  each  other  as  possible. 

Li^ui'.l  Iiiter/aeet. — But  even  when  we  have  the  surfaces  of  two 
different  liquids  in  contact,  the  molecular  stresses  may  not  be  com- 
pletely satisfied,  for  the  ranges  and  intensities  of  the  attractive  and 
repulsive  forces  of  the  two  kinds  of  molecules  may  be  very  different. 
There,  consequently,  remain  nubalanced  forces,  and  the  interface  ia 
iu  a  condition  of  strain. 

Lord  Kelvin,  who  carried  out  a  number  of   eicperimenta  on  the 

behaviour  of  dissimilar  liquids  when  in  contact,  found  it  convenient 

to  employ  carbon  disulphide  and  a  solution  of  zinc  sulphate,  as  tu> 

'  Popular  Leetura  and  Adxlretua,  vol.  i.  |i.  r>9, 

'  Kelvin,  Fopuiar  Ltctuni  and  Addnata,  vol.  L,  ISSI,  p.  Ifi. 
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immediate  chemicnl  or  physic&l  nution  reetiltn  on  bringing  euobl 
liquids  togrther.  Adrittioiiivl  odvimtoges  arose  from  tho  Fact  thafc| 
caj'ban  dUulphide  nasnniea  an  iiitoiso  violet  coloration  with  iwlino, 
which  euubled  oi)aervatioii8  to  be  more  reudily  noted  ;  while 
nne  8ulpbAt«  Holiitiou  oould  be  adjusted  Ui  any  roiiiiirei)  dcii»ity.l 
When  Iwtii  liquids  were  uf  tbe  same  duuBity,  it  yran  Toimd  ttiau^ 
glubqlnf  uf  either  suspoiided  within  the  other  ajwumed  u  spberlcall 
oondition,  m  the  result  of  the  tensinn  developed  nt  their  Burfacea.! 
of  coatnct. 

Ut^cHfiiity  "/  i.ir/tii</fi.— At  preseiiti  our  knowledge  of  the  condi-^ 
tiouB  which  deteriuine  whether  two  given  liquidn  will  diffuse  into  * 
each  uther,  or  remnin  apart,  is  very  limited;  indeed,  a  knowledge 
of  tltcir  eoiDpurutive  surface  tenaionti  uRbrdn  im  little  or  no  help  in 
this  direction.  Two  drops  of  uieroiiry,  for  instance,  have  the  same 
fmrfacc  tension.  The  tension,  however,  of  the  junction  surface 
between  two  drops  of  clean  mercury  is  lero,  and  they  unite  to  form 
one  drop.  Many  di^imilar  liquids,  on  the  other  hand,  which  have 
Tery  different  anrface  teuaious,  will  also  diffuse  into  each  other  and 
mix  iu  all  proportions. 

Manuigoui  ntatcs  that  in  all  cases  in  which  liquids  do  not  mi 
that    pneseasiiig  the   smnlleHt   surface   tension  will  spread  over  tl 
one  which  baa  tlie    grentetit.      At  one  time 
w»ter  and  mercury  were  supposed  to  be  ex-  j-, 

oeptiauB,  but  it  has  been  shown  that  water  ^      ^^ 

wOl  nwdily  spread  over  a  mercury  surface,  it    ^^^ ^'-<C    "i 

the  Utter  l<o  chemically  clean.     I'his  subject      '  ^T^^^-^ 

hM  migaged  the  nttention  of  Lord  Rayleigh,'  ^"^ 

who  oODchidcs   that   the  interfa^ial    tension  fio.  \1. 

between  any  two   bodies  b  proportional   to 

the  iMiuaro  of    the  difference  of  certain  values,    peculiar   to  thet 
analogous  to  density  in  the  theory  of  gravitation. 

Thai,  t-iippcoo  we  have  three  fliiuls,  the  interfaces  of  which  meet  along  I 
a  line  peTiicndiriilar  to  the  jMper  (^ee  fig.  12).  Making  T,.  T«  and  T.,  the  j 
inletftciiil  len»iona,  and  denoting  the  pronerty  analeguue  to  density  by  a^  I 
'b  and  ff»  then,  according  to  Lord  Rayleigti, 

T.oc  (.,-,,)' {1)J 

T.ocK--,)' (2)1 

T,a(<r,-»^' (3)  J 

It  will  l«  found  that  whatever  the  three  respective  values  of  <r  : 
ikbuvi:  upnelunit,  the  iiiterfarial  tension  T,  between  tin-  liquids  cF  ffrentert  1 
null  IcAst '  lieiisily '  will  always  exceed  the  cnmbliied  tensions  Tj  ana  T,  of  | 
llie<>ilirrin[erfaceB,and  that, conaequentlv,  the  lii^uid  of  iiitcnuediate  tension  I 
will  alwnv*  1"'  drawn  in  between  thoee  of  grcatcet  and  least  vurface  tension,  ' 

Tliia  theory  has  an  important  bearing  upon  diffusion  phenomena,  I 
for  when  two  misoible  liquids  are  brought  into  contact  the  intorface  | 
iiuiued lately  disappears,  and  there  is  substituted  for  it  a  thick  layer, 

'  "Theory  «,f  Siirfnoa  ForcoB,"  i'hil.  Mag.,  Dec.  I8B0,  p.  «3. 
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iici'OBs  which  the  vahie  <r  changeB  grodiuilly  from  that  of  one  liquid  to 
thai  of  the  other.  According  to  this,  the  whole  force  due  to  the 
Burfnce  tension  of  any  two  luiscible  liquids  in  contact  may  bo 
aiderod  as  distributed  over  the  Hpaoe  in  which  diffusion  in  ta 
plnue,  and,  as  the  number  of  contiguous  layers  may  be  regarded 
infinite,  the  force  between  each  layer  becomes  infinitely  atnall,  ai 
it  has  been  ahowu  that  the  Biim  of  the  forces  must  be 

Sitrfaee  'Vermim  of  Solid*. — ^It  was  not  until  the  surface  tension 
phenomena  of  solids  were  recognized  that  the  theory  assumed  its 
present  form,  tor  it  will  at  once  be  seen  that  the  above  applies  to  the 
surface  molecules  of  solids  as  well  us  tiijuids,  and  also  to  the  molecules 
at  the  bounding  surfaces  of  solids  and  liquidK,  even  n'  ~ 
with  gases. 

In  solids,  aa  in  liquids,  the  moleeides  attract  each  other  powerful!; 
and  the  surface  uioleculea  are  in  tlie  peculiar  condition  of  having  the 
streaaes  arranged  differently  in  directions  parallel  to  and  normal  to 
the  surfaces.  The  surfaces  of  solids  must,  therefore,  be  in  a  state  of 
tension  ;  but,  in  their  case,  the  etresees  are  not  sufficiently  powerful 
to  produce  readily  perceptible  deformation  of  the  mass.  Very  viacous 
liquids,  such  as  pitch,  do  show  the  reality  of  the  stress,  even  when  the 
liqui'ls  are  so  viscous  that  they  act  very  much  as  solids  do ;  for,  in 
the  course  of  time,  they  round  off  tlieir  sharp  conters  and  show  all 
the  peculiar  surface  tension  phenomena  of  mobile  liquids.  A  piece  of 
glass,  having  sharp  cutting  edges,  when  heated  rounds  otT  its  comers. 
It  would  scarcely  be  logical  to  argue  that  anperficial  tension  only 
comes  into  existence  the  moment  the  solid  is  softened  by  the  heat. 
Rather  must  we  consider  that  the  surface  was  in  a  condition  of  sti 
before  the  glass  was  heated,  but  that  the  tension  only  showed 
when  the  mass  ceased  to  be  rigid. 

Beilby,*  by  microscopical  methods,  lias  demonstrated  the  existence 
of  surface  tension  in  solids.  He  found  that  when  a  surface  of  even 
such  a  brittle  substance  as  speculum  metal  was  rubbed  with  fine 
emery  cloth,  the  ridges  and  grooves  ao  formed  all  had  rounded  edgcH, 
and  that  by  polishing  with  leather  the  material  formiug  the  ridges 
was  easily  caused  to  flow  into  the  hollows,  producing  an  optically 
good  surface.  From  the  manner  in  which  liquids  spread  over  solid 
surfaces  it  is  clear  that  the  surface  tensions  of  the  former  are  mu<^i 
less  than  those  of  the  latter.  Taking  a  surface  film  of  water 
havhig  a  thickness  of  six  millionlhs  of  a  millimetre  and 
73  dynes  per  centimetre,  the  stress  of  siich  a  water  tilra  amounts 
about  0'8  ton  per  square  inch.  It  is  probable  that  in  the  case 
a  solid  the  tension  is  so  great  that  the  surface  is  catised  to  flow 
all  edges  and  comers,  and  that  therefore,  as  Beilby  found,  an 
comparable  with  molecular  dimensions  is  an  impossibility. 

Contad  between  Liquiih  an<i  Solids. — Tlie  behaviour  of  liquids  and 
gases  in  contact  with  solids  is  really  in  accordance  with  theory.     A 
particular  liquid  does  not,  for  instance,  act  towards  all  solids  in  the 
'  "The  SurfM«atruoturB  of  Solids,"  Vour.  Sk.  Chem.  Ind.,  1903,  1186. 
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same  way.  Water  will  wet  and  spread  orer  a  clean  slieel  of  giaaa, 
but  when  a  drop  of  water  is  placed  upoo  a  sheet  of  solid  paraffin  wax 
it  draws  itself  up  into  a  head.  Mercury  wiD  noC  wet  anj  known 
solid  with  which  it  does  not  amalgamate.  From  this  we  conclude 
that  mercury  has  a  greater  surface  tension  than  ^aas,  and  that  water 
has  a  surface  tension  greater  than  that  of  paraffin  wax,  hot  le»  than 
that  of  glass.  All  lubricants  hare  surface  tensiona  much  smaller 
than  those  of  the  metallic  surfaces  to  which  they  are  applied  :  they 
consequently  spread  over  them  and  wet  them. 

Although,  according  to  Marangoni  and  Laplace,  three  fluids  cannot 
rest  in  contact,  yet  if  two  liquids  and  a  solid  be  brought  together,  the 
latter  being  a  body  of  intermediate  surface  tension,  neither  of  the 
liquids  can  spread  completely  over  the  solid,  for  the  tension  at  the 
interface  between  the  solid  and  any  one  of  the  liquids  can  nerer 
exceed  that  at  the  other  two. 

Fig.  13  illustrates  this.     Here  the  solid  a^  has  a  flat  surface,  and 
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against  it  rest  the  liquids  tr^  and  o-^,  the  former  having  a  smaller  and 
the  latter  a  greater  tension  than  that  of  the  solid.  So  long  a.s  the 
magnitudes  of  the  surface  tensions  are  thus  distributed,  then  T,  (the 
interfacial  tension  between  the  liquids  of  greatest  and  lea.st  *  density  ') 
is  greater  than  the  sum  of  Tj  and  T,,  and  the  point  of  meeting  is 
drawn  along  the  surface  of  the  solid  until  T,  assumes  such  an  angle 
with  the  solid  surface  that  the  forces  are  in  equilibrium.  It  will  be 
noticed  that  the  tension  T,  is  tending  to  wrinkle  the  solid  surface  and 
draw  it  between  the  two  liquids,  so  as  to  arrange  the  three  bodies  in 
the  order  of  their  surface  tensions. 

When  a  liquid  of  high  surface  tension,  such  as  mercury,  is  resting 
upon  a  solid  of  lower  surface  tension,  such  as  glass,  although  the  liquid 
does  not  spread  over  the  solid  and  wet  it,  there  is  really  a  close  union 
of  the  two  masses,  which  can  only  be  parted  by  the  exercise  of  force 
or  the  interposition  of  a  liquid  of  intermediate  surface  tension. 
Indeed,  so  close  is  the  contact  of  mercury  and  glass  that  the  vacuum 
in  a  barometer  remains  unaffected  for  years. 

Fig.  14  illustrates  the  conditions  obtaining  in  a  tube  immersed  in 
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j;.v  /jr.t.<:-.  o?  '.Ii'-  ^  ^rfa-.v  t-.ij?:  .:,*  •.-!  liquids  and  solids  sen-es  to 
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jiii« /i^;/i<rjj;j,  ji.  /jjir?  TiOt.  H*  liv  NiY-s.  )»e  followcd  too  far:  for  there 
^-.t-ill  i'-jfj;nj,  jj  lUji.-p^ii-.  j^lj'.-iii^:ji..'iju  wliich  it  fails  to  explaiii,  or  is  even 
III  ;ij/ji:iM:i,t.  t',ii\\\*x  with.  H'.wi.'Yer.  evfii  if  the  hypothesis  is  too 
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\  (ynt'MumUkiK'jM  wliich  modify  Surface  Tension. — Temjyerature. — 

!  ''  '^  '**"»  <»bi'  ''f  "il  l>''  sjiread  over  the  upper  surface  of  a  mcUil 

jilal.*-,  and  a  hot  iron  b<-  ransr-d  to  touch  the  underside,  the  oil  will 
.-.hi ink  awav  Ifoin  the  h<.-atcd  sjK^t  and  leave  it  almost  clean.  This 
1=1  r^l\l.^^^^\  f,v  a  d<Mrrra.N<;  in  the  tension  of  the  healed  oil  surface, 
and  I  hi-  run  Mwimiir  drawin;;  away  of  the  oil  by  the  cooler  surround- 
ing/ hliii. 

h.  a|.)Mara  l.hat.  vviMi  lisr  of  teiniMjrature  the  surface  film  tensions 
ol  all  1ii|iihI  1  iliniinUh,  and  less  energy  is  required  to  separate  their 
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molecules.     Thus,  in  converting  water  into  steam  at  212*  F^  965'7 
imits  of  heat  per  lb.  are  required,  whereas  at  374*  F.  649*0  suffice. 

Owing  to  this  reduction  of  surface  tension  by  heat^  the  oil  film  on 
a  heated  bearing  is  drawn  away  from  Uie  rubbing  surfaces  by  the 
greater  superficial  tension  of  the  film  on  the  surrounding  cool  parts, 
and  the  lubrication  becomes  more  and  mare  defective  as  the  bearing 
gets  hotter,  owing  to  the  creeping  away  of  the  (mI,  as  well  as  to  its 
lessened  viscosity. 

Solubility. — We  have  hitherto  referred  to  the  contact  surfaces  of 
dissimilar  liquids,  gases,  and  solids  as  Uiough  they  really  were  sharp 
surfaces  of  demarcation  between  Uie  opposing  molecules  al  the  media 
in  contact  Such,  however,  is  not  the  case,  for  many  liquids  are 
partially,  if  not  wholly,  soluble  in  each  other.  Ether,  for  instance, 
dissolves  in  water,  but  when  more  than  one  part  of  ether  is  added 
to  ten  parts  of  water  the  excess  of  eUier  remains  separate  from  and 
insoluble  in  the  aqueous  liquid.  Similarly,  ether  dissolves  about  three 
per  cent,  of  water.  The  interfacial  surface  between  mixtures  of  these 
liquids  does  not,  therefore,  separate  ether  from  water,  but  rather 
abruptly  separates  mixtures  of  the  two  liquids  from  each  other. 

Contamination  of  Liquid  Surfaces. — Lord  Rayleigh  and  Miss  Agnes 
Pockels^  have  shown  the  remarkable  effects  that  even  traces  of 
foreign  substances  exert  upon  the  surface  tension  of  water.  It  is,  in 
some  measure,  this  marked  action  of  traces  of  impurity  which  makes 
experimental  work  on  surface  tension  phenomena  so  difficult,  and 
which  places  such  obstacles  in  the  way  of  the  practical  application 
of  our  present  knowledge.  Miss  Pockels  used  a  rectangular  trough 
70  cm.  long,  5  cm.  wide,  and  2  cm.  deep,  filled  with  water  to  the 
brim.  A  strip  of  tin,  about  1^  cm.  wide,  was  laid  across  it  at 
right  angles  to  its  length,  so  that  the  underside  of  the  strip  was  in 
contact  with  the  surface  of  the  water  and  divided  it  into  two 
portions.  By  moving  this  partition,  the  surface  area  could  be  varied 
to  any  desired  degree.  The  surface  tension  was  measured  by  the 
force  necessary  to  separate  a  small  disc  from  the  surface.  A  per- 
fectly clean  surface  was  obtained  by  placing  the  tin  partition  at  one 
end  of  the  trough  and  drawing  it  across  the  surface,  thereby  sweeping 
off  the  contamination.  Such  a  surface  retains  an  approximately 
uniform  contractile  force,  however  much  the  partition  may  be  moved 
and  the  area  varied.  On  the  other  hand,  a  strongly  contaminated 
surface  was  found  to  have  a  variable  surface  tension. 

The  effects  of  contamination  films  may  be  shown  by  sprinkling 
upon  a  dean  surface  of  water  lycopodium  grains  or  other  suitable 
powder.  The  water  surface,  if  touched  by  a  needle  which  has  been 
dipped  in  oil,  will  at  once  become  contaminated,  and  the  effect 
produced  by  the  spreading  of  the  oil  over  the  surface  is  as  though 
a  hole  had  been  pricked  in  the  film,  for  the  dust-covered  surface 
draws  rapidly  away  from  the  oiled  centre  and  crowds  the  dust 
particles  towards  the  edge  of  the  vessel.     A  drop  of  alcohol  allowed 

»  Nature,  vol.  xliv.  (1891),  p.  437. 
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to  closely  iipproacli  or  touch  the  water  siirfaco  weakens  the  lenaio 
of  the  film  ill  u  similar  muniier. 

To  show  how  greatly  the  surface  teuBion  of  water  is  altered  ^T^ 
a  trace  of  oil,  a  light  rubber  ring  may  be  floated  upon  a  clean 
water  surface.  The  tenaions  of  the  siu^ace  film  being  the  same 
inside  and  outside,  the  ring,  by  its  elasticity,  assumes  a  circular  form. 
On  bringing  a  little  oil  into  contact  with  that  [xirtion  of  the  wat*r 
surface  outside  the  ring,  the  surface  tension  is  diniiuished,  and  the 
superior  tension  of  the  iutemal  film  then  distorts  the  ring  o 
cftuses  it  to  collapse  completely. 

Solvent  Power  of  Surface  Filnui. — There  is  reason  to  believe  that  I 
the  solubility  of  liquids,  and  also  of  gases  in  liquids,  follows  different  J 
laws  in  surface  films,  where  the  moleuules  are  in  peculiar  condiliona  1 
of  strain,  than  it  does  in  the  interior  of  liquids. 

This  may  bo  shown  in  many  ways.  For  instance,  a  thin  disc  of  .1 
camphor  so  placed  that  it  is  half  immersed  in  clean  water  will,  is  I 
the  course  of  a  few  hours,  be  out  through  by  the  superior  solvent  J 
action  of  the  surface  film.  In  some  cases  the  action  is  reveised,  and  1 
the  maJSS  of  the  liquid  displays  a  greater  solvent  power  than  th»  I 
surface  layer. 

The  superior  solvent  power  of  a  water  film  over  the  mass  of  the  I 
liquid  has  been  shown  by  Dupre  and  Rayleigh,  who  foiuid  that,  at  J 
the  first  moment  of  their  formation,  Hurfaces  of  soapy  water  hava  T 
hardly  less  tension  than  pure  water,  but  that  the  molecules  of  the  I 
dissolved  soap  gradually  collect  in  the  film  and  greatly  modify  itsil 
properties. 

This  concentration  of  the  dissolved  substance  in  the  surface  film 
also  takes  place  when  the  interface  is  one  separating  a  solid  from  a 
liquid,  for  it  has  long  been  known  that  vinegar  can  be  partially 
deprived  of  its  acid  by  filtration  through  pure  quarts  sand.>     Potato   ' 
spirit,  if  filtered  through  clean  sand,  passes  water  first,  then  alcohol,  1 
and  finally  alcohol  plus  fusel  oil. 

Gore  ^  made  a  number  of  interesting  es:periments  on  the  behaviour  1 
of  various  aqueous  solutions  in  contact  with  finely  divided  silica,  J 
He  fotmd  that,  on  agitating  dilute  solutions  of  acids,  alkalies,  and  1 
salts  with  thb  powder,  and  allowing  it  to  subside,  the  solid  in  muuyl 
cases  abstracted  as  much  as  80  j>er  cent,  of  the  dissolved  compound.  M 

This  concentration  of  a  dissolved  substance  on  the  contact  surface:! 
of  the  liquid  with  the  solid  enables  a  lubricant  to  be  applied  wmbi 
ease,  and  without  serious  waste,  to  the  friction  surfaces  of  hydraulia' 
machinery.  The  more  or  less  soluble  lubricant,  usually  soft  soap,  18 
added  to  the  water  before  it  enters  the  pipes,  and  then,  by  coii-1 
ceutrating  upon  the  rnbbiug  surfaces,  lubricates  them  and  greatly! 
reduces  the  friction  and  wear. 

Surface  Etterey.— Proportional  to  Sur/aee  Area.~Aa  any  tncre 
in  the  area  of  a  surface  involves  the  expenditure  of  work,  and  a 
'  GmsUn's  Bmidboiik  of  Chemiitry,  vol.  t  p.  IH. 
'■'  Chem.  Newt,  vol.  liix.  p.  22. 
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either  increase  or  decrease  in  the  value  of  the  tension  of  a  surface  pro- 
duced by  its  closing  upon  another  surface,  or  coming  into  contact  with 
a  contaminating  substance,  alters  the  work  such  a  surface  is  capable  of 
doing,  each  unit  of  area  of  such  surface  represents  so  much  available 
energy.  Indeed  it  acts  like  a  stretched  sheet  of  rubber,  which  can  do 
work  by  contracting.  We  must,  therefore,  regard  the  total  energy 
of  a  body  as  not  being  solely  due  to  its  temperature  and  its  volume, 
but  as  also  depending  to  a  certain  extent  upon  the  area  of  its  surface. 

The  separation  of  a  drop  of  any  liquid  into  two  or  more  parts 
can  only  be  accomplished  by  the  expenditure  of  work,  for  the 
volume  of  a  sphere  is  proportional  to  the  cube  of  its  radius,  whereas 
its  superficial  area  is  only  proportional  to  the  square  of  the  radius. 
Thus,  the  finer  the  state  of  division  of  the  liquid,  the  greater  the 
superficial  area  in  proportion  to  the  volume.  The  total  energy  of  a 
liquid  is  therefore  increased  by  breaking  it  up  into  separate  drops, 
and  the  total  energy  of  the  mass  must  include  this  energy  as  well  as 
that  due  to  its  temperature  and  volume.  A  given  weight  of  steam, 
which  is  water  broken  up  into  separate  molecules,  has  therefore  more 
potential  energy  than  the  same  weight  of  water  in  its  liquid  state  and 
at  the  same  temperature. 

Emit/sions, — Emulsions  are  generally  composed  of  gelatinous  or 
oily  liquids  suspended  in  the  form  of  exceedingly  small  drops  in 
other  liquids  into  which  they  neither  diffuse  nor  dissolve.  Generally 
speaking,  the  individual  globules  may  be  clearly  distinguished  under 
the  microscope,  as  in  the  case  of  milk.  In  some  instances,  each  liquid 
particle  is  surrounded  by  a  film  separating  it  from  the  liquid  in  which 
it  floats. 

In  other  cases,  when  emulsificatiou  takes  place,  the  liquid  forming 
the  matrix  has  had  its  surface  tension  so  altered  by  the  introduction 
of  a  third  substance,  or  is  naturally  of  such  a  nature,  that  its  film 
resists  rupture  and  prevents  the  coalescence  of  the  drops  of  oil. 

Cnuse  of  Weltimj, — Gore  showed  that  when  finely  divided  silica  is 
introduced  into  water,  or  into  an  aqueous  solution  of  any  salt,  a  rise 
of  temperature  results.  In  this  experiment,  a  surface  between  air 
and  silica  is  exchanged  for  one  between  the  liquid  and  silica.  As 
water  spreads  over  silica  and  wets  it,  the  surface  tension  of  silica 
must  be  greater  than  that  of  water,  and  that  of  the  interface  between 
these  must  have  some  intermediate  value ;  consequently,  when  the 
water  replaces  air,  a  liberation  of  energy  takes  place  and  the  tempera- 
ture rises.  Other  effects,  resulting  in  a  liberation  of  heat,  may  of 
course  be  produced  as  well. 

We  thus  see  that  the  reason  why  lubricants  may  be  spread  over 
solids  and  caused  to  tcet  the  whole  of  their  surfaces  is  that  the 
liquids  have  lower  superficial  tensions  than  the  solids,  and  the  wet 
condition  is  the  one  of  least  potential  energy. 

A  clean  glass  rod  dipped  into  mercury,  water,  and  oil  gives 
very  different  results.  The  relative  surface  tensions  of  the  liquid 
and  solid  are  not  such  as  to  enable  the  mercury  to  adhere  to  the 


gliiiiit  permaiientl;.  An  pointed  out  previously,  the  mercury  and 
glit^s  do  adhere,  but  the  mercury  in  drawn  o&  by  ita  neiglil  und 
ati'etigtli  o{  film.  It  is  otherwise  with  water,  the  emaUer  superficial 
teusion  of  which  causes  it  to  spread  over  the  giasa,  which  rcnuutiK 
wetted  when  removed  from  the  liquid.  When  the  dry  glasa  rod  is 
iiamersed  i»  oil  and  is  then  removed,  the  oil,  like  the  wattr,  remaiiis 
on  the  glass,  but  as  a  thick  instead  of  a  thin  lilm.  The  reason  why  a 
larger  volume  of  oil  than  of  water  adheres  U>  the  rod  is  that  the 
viscosity  of  water  is  small,  whereas  the  oil  is  very  viscous  and  flows 
much  more  slowly.  .Sufficient  time  being  allowed,  both  oil  and  wal«r 
run  off  and  leave  very  thin  films  on  the  glass. 

Capillarity.— Ca;>(«ari/  liine  in  Tuiieif.— Although  this  is  merely  a 
striking  manifestation  uf  superficial  tension,  it  is  commonly  known 
as  'capillary  attraction,'  having  in  the  first  instance  been  studied  in 
connection  with  capillary  tubes. 

When  experimenting  on  capillary  phenomena,  care  should  be  taken 
that  all  the  tubes,  etc.,  employed  are  quite  clean.  If  the  surfaces  be 
chemically  clean,  and  the  liquid  eiperimented  on  possesses  a  smaller 
superficial  tension  than  the  solid,  the  liquid  will  at  the  moment  of 
contact  with  the  solid  rise  and  wet  the  whole  of  its  surface.  As, 
however,  a  clean  tube  may  quickly  become  soiled,  it  is  better,  after 
cleaning  the  tube,  to  at  once  moisten  it  all  over  with  the  liquid  to  be 
eiperimented  on,  and  thus  to  ensure  that  the  effects  shall  not  be 
interfered  with  by  atmospheric  impurities. 

When  a  tuhe  which  ham  thiw  been  cleaned  and  moistened  is  dipped 
into  a  1)cakcr  of  water,  the  liquid  rises  rapidly  in  the  bore  and  may 
reach  a  height  of  an  inch  or  more.  When  this  takes  place  in  a 
moist  atmosphere,  the  whole  of  the  surface  of  the  tube,  both  intentally 
and  Mtemally,  is  covered  by  a  film  of  water  which  is  continuous 
with  the  water  in  the  beaker.  On  the  outside  of  the  tube  the  vertica! 
stress  of  the  film  raises  a  small  ring-shaped  mass  of  water  above  thfi 
general  surface  level,  the  weight  of  which  just  balances  lite  tension 
of  the  film.  On  the  inside  of  the  tube  the  tension  of  the  film  covers 
ing  the  walls  of  the  bore  draws  up  a  long  column  of  water,  which 
also  balances  the  tension  of  the  internal  surface  film  and  is  ■ 
measure  of  its  pull.  Hence,  the  height  to  which  the  liquid  is  drawn 
up  in  the  tube  varies  inversely  as  the  radius  of  its  bore. 

But  in  order  to  secure  the  nae  of  a  liquid  column  above  tho 
general  surface,  it  is  by  no  means  essential  that  a  tube  should  be 
used.  A  few  parallel  lengths  of  wire  held  so  as  to  enclose  a  sm&U 
space  will  also  produce  the  same  effect. 

Fig.  15  is  an  enlarged  section  of  four  parallel  wires  whicb  dip 
vertically  into  tlie  liquid.  Uctwoen  these  wires  superficial  t«nsioa 
surfaces  form,  and  furnish  walla  which  act  much  as  the  walls  of  a 
rubber  tube  would,  converting  the  bundle  of  wires  into  a  tube  ap 
which  the  liquid  rises. 

Flow  through  Wicks. — A  worsted  thread  or  a  lamp  wick  is  really 
a  similar  contrivance,  and,  aa  the  strands  are  very  fine  and   close 
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together,  the  liquid  often  rises  several  inches.  So  long  as  the  surface 
tension  of  the  fluid  is  less  than  that  of  the  material  of  which  the  wick 
is  made,  and  therefore  wets  it  all  over,  the  liquid  column  rises  to  a 
height  proportional  to  the  surface  tension  of  the  fluid.  When  such 
a  partly  immersed  wick  hangs  down  outside  the  vessel  containing 
the  liquid,  if  the  lip  of  the  vessel  be  not  too  high,  then  the  wick 
constitutes  practically  a  number  of  small  siphons,  through  which  the 
fluid  flows.  In  such  capillary  passages  the  flow  is  steady,  and 
the  volume  passed  is  directly  proportional  to  the  head  and  inversely 
proportional  to  the  length  of  the  wick  and  the  viscosity  of  the  fluid. 

Fig.  16   shows  such  a  case.      Here  the  height  h  of  the  column 
producing  the  flow  is  measured  from  the  surface  of  the  vessel  to  the 
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end  of  the  wick,  whilst  the  length  a  of  the  wick  gives  the  length  of 
the  capillary  passages. 

From  Poiseuille's  formula  for  the  flow  of  liquids  through  capillary 
tul>e«  (see  p.  22)  we  find  that  the  volume  passed  in  t  seconds  is 

the  value  of  C  varying  with  changes  in  the  size  and  texture  of  tlie 
wick. 

It  must  be  remembered  that  in  the  case  of  siphon  wicks  the  walls 
of  the  passages  along  which  the  liquid  flows,  consist  partly  of  liquid 
surfaces.  Consequently,  as  soon  as  the  suction  at  the  top  of  tlio 
siphon  becomes  too  great  for  the  surface  tension  to  balance  it, 
owing  to  the  fall  of  the  surface  in  the  reservoir,  the  liquid  walls 
collapse,  air  is  drawn  between  the  strands,  and  siphoning  ceases  rather 
suddenly.  On  this  account,  the  above  formula  does  not  hold  if  the 
long  *  leg '  of  the  wick  should  fall  so  low  tiiat  the  weight  of  liquid 
in  it  can  of  itself  distort  and  rupture  the  external  film.  Strands  of 
worsted  consist  of  rather  coarse  fibres,  and  can  only  be  depended  upon 
to  raise  the  liquid  over  a  lip  rising  about  1 J  inches  above  the  liquid 
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surface.     When  more  powerful  lifting  action  m  rcijuirecl,  i 
WLcks  and  the  atrnnda  used  to  supply  lubricante  to  railway  axle  p 
cotton  pleated  very  fioely  ia  used  instead  of  worsted. 

All  such  wicka,  pads,  strands  of  worsted,  etc.,  when  exposed  to  the  ' 
air,  absorb  moisture  and  other  siibstAiiees.  Uil  will  not,  therefore, 
flow  freely  through  tliein  until  they  have  l(eeii  well  dried  and  then 
wetted  with  the  liquid  in  wliioh  they  are  to  work.  The  volume  of 
lubricant  snch  wicks  will  supply  depends,  tm  wc  have  seen,  not  only 
upon  the  siiper6cial  tension  or  capillarity  of  the  liquid,  but  also  upon 
its  viscosity.  The  height  to  which  it  rises  increaseB  with  the  super- 
ficial tension  and  the  fineness  of  the  e:(temal  mosh  of  the  wick. 

Meunremeiit    of    Snrrace    TsoEton  —  The   Force   to   be   Meusiireil.  — 
have  seen  thut  the  surfsceK  Bejiarsting  solid,  li[|uid.  and  gaseous  BiibH[an< 
(rdiii  each  rither  are  in  a  stale  of  tension,  and  thai  the  magnitude  of  "' 
tension  varies  with  the  natufe  of  the  aubatance  or  aulistancea  in  contact,  oij' 
when  the  Burfaees  are  not  cluan^  with  the  nature  and  extent  of  the  conb^ 
mination.    Such  surfacH«  act  like  stretched  sheets  of  indiambher,  but 
tension  is  always  the  sanie  in  all  directions,  and  when  not  contain iuated, 
the  same  value  however  nnich  the  film  may  be  extended. 

In  fig.  IT,  let  ABCD  be  a  stiff  wire  frame  upon  which  the  c 
slides  freely.  En  the  area  enclosed  by  the  wire  is  a  liquid  film, 
the  tension  of  which  in  required.  This  film,  it  will  be  remembered,  constaW'' 
of  two  tension  surfaces  which  pass  round  and 
grasp  the  wire  fraioi'  anil  slider  on  all  aides. 
The  tu'O  -surfaces  are  separated  from  each  other 
and  from  the  surface  in  contact  with  the  wire 
by  an  inactive  liquid  layer  of  variable  thieknem, 
'Hie  active  liquid  surface  layer  which  produce* 
the  tension  effects  has  a  thickness  of  about  "~' 
niillioiiths  of  a  millimetre ; 
enclosed  may  be  a  hundred  or  more  timn 
thinker  than  this.  To  prevent  the  elasticity  of 
tlie  film  from  drawing  the  cross  wire  PQ  towards  BC,  a  force  F  inu«l  l»e 
maintained  acting  lu  the  direcion  of  the  arrow.  If  T  be  the  super&ci&l 
tension  and  b  the  distance  apart  of  the  wires  BA  and  CD,  then,  as  there 
are  two  snrfacea  to  the  film,  separated  by  liquid, 

F  =  2T6. 

Capillttrtf    Tube   JUetluxi  —The  method    which    lias    iisimlly 
adopted  for  moasiiriug  the  superficial  tension  of  liquids  is  by  h 
taining  the  height  to  which  they  rise  in  capillary  tubes.     The  deg 
of  accuracy  obtainable  ia  limited  by  (a)  the  narrowness  of  the  ti 
(6)  irregularities  in  the  bore,  (f)  the  shortness  of  the  elevated  li  _ 
column,  (d)  the  ditticulty  of  measuring  the  mean  height  of  the  liqui 
and  (e)   the  difficulty  of  securing  a  clean  siirfiice.     The  method  I 
quite  accurate  enough,  however,  for  all  practical  purposes. 

Fig.  IS  shows  the  conditions  of  ei^uihbriuni  of  a  liquid  which  I 
smaller  letision  than  ihat  of  the  material  of  which  the  lube  is  mode, 
of  the  liquid  is  drawn  over  the  whole  of  the  surface  of  the  bore,  and 
tension  the  liquid  is  drawuiUH^  '^  i^'^  balances  t'  '  ' ' 
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edinmii.  A  renr  titiiple  calcaktion  givea  the  superficial  tenEian  of  the 
liquid.  Hr,  bailie  raJiiif  of  tlie  lubti,p  the  density  of  the  liquid,];  tlie  force 
rTgra^ilT,  Mid  A  tliB  mean  lieiglit  atl&ined  in  the  fApilkry  lube,  the  veitieal 

UiKC  (W)  =2«-bT (0) 

TltiasupparLia  weight  of  lifiaiil  (W)~«rg*'>ft7    . 

T-'"ii^W 


I'onseqiieBt];.  2wr„T='ra'^pg     (8) ; 


(9) 


Thb  method  oul;  holds  true  when  the  liquid  has  n  smaller  super- 
liciai  t«usi(m  than  the  sulid,  and  spreads  over  it.  But  there  are  caecs, 
such  iu<  itierviiry  in  contact  with  glass,  where  the  liquid  lias  in  all 
prulnlMlit^'  a  greater  surface  tension  than  the  solid.  In  such  an 
"~"*"-ice,  although  the  liquid  ndlieres  with  some  force  to  the  solid,  it 
t  spread  over  it,  and  the  Holid  on  account  of  its  rigidity  cannot 
1  over  the  liquid  ;   consequeutlj,  the  ooinhiued  efTects  of  three 
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t«Diiiuus  have  to  be  dealt  with,  as  shown  iu  fig.  14.  The  vertical 
eumponeut  iu  this  case  may  aut  dowuwardit,  and  the  tenaion  of  the 
surface  of  the  meniscus  where  it  Uiuuhes  the  glass  acts  at  an  angle. 
Itut  ni>  known  lubricants  have  greater  superficial  tensions  than  bos 
glass,  and  cooseqiiently,  although  sncb  cases  are  interesting  to 
physical  studente,  they  have  little  if  any  practical  importance. 

UtOKuremenl  by  Filvi  Tentioii. — A  direct  method  of  measuring  the 

ttUwgtb  of  the  tension  has  been  employed  by  Proctor  Hall '  at  the 

n  of  I'rof.  MichelHOti, 

bg^KSB  frame,  tig,    10,  is  suspended  from  one  arm  of  a  delicate 

iae,  *u  that  it  v»  {mrtly  immersed  in  the  liqnid.     The  weight  is  first 

^  B  when  a  film  of  the  liquid  is  extended  between  the  bar  AB  and 

IV  liquid.     The  lower  liar  is  completely  Hubmerged,  and  serves  merely 

lo  stiffiia  Uie  end  portions  which  dip  into  the  liquid.     After  breaking 

tfae  SUn  aiuitUer  reading  is  made,  cure  being  taken  that  the  frame 
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raoams  imiDened  in  the  I>|nki  to  exicthr  tlie  same  depth  as  before. 
Sack  a  dim  coQi»9ts  of  two  sar&ces  whidi  haTe  closed  together  and 
kop«d  romki  the  bAn  of  the  firamie.  The  surface  tension  is  the 
did^rence  between  the  two  weighings^  divided  bj  twice  the  widtb 
of  the  frame.  When  rery  exact  determinations  are  required,  a 
snaQ  correctioQ  ba&  to  be  made  for  the  width  of  the  frame,  as  the 
6hn  dsstorts  the  capiQarT  rise  of  the  liqnid  on  the  inside  of  the 
Tertkal  bars  AC  BD.  The  amount  <rf  this  coirection  is  found  by 
taking  the  tenskn  of  the  same  liquid  with  two  or  mare  frames  of  the 
same  thiekne8&,  bat  of  diflSsent  widths^ 

Fig.  20  shows  in  section  the  cooditioiis  when  there  is  a  film  in  the 
frame.  The  tension  that  mar  exist  on  the  £ace  separating  the  liquid 
from  the  frame  has  no  effect  whaterer  on  the  balanoe,  for  the  surface 
where  the  air  and  the  liquid  meet  encloses  the  upper  bar  and  closes 
together  to  form  a  film  beneath  it.  This  film  it  is  which  supports  the 
mass  of  lii^uid  which  is  shaded  in  the  figure  and  which  acts  upon  the 
balance. 

Meofurememi  b^  Wftteti  Plate. — The  films  of  some  liquids,  such  as 
alcohol,  ether,  and  chloroform,  break  almost  immediately  they  are 
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formed,  consequently  their  superficial  tensions  cannot  be  found  by 
this  method.  Proctor  Hall,  therefore,  adopted  a  modification  of 
Wilhelmey's  method.  The  glass  or  metal  frame  was  replaced  by  a 
thin  rectangular  plate  of  glass,  mica,  or  metaL  The  plate  was  adjusted 
by  trial  over  a  liquid  until  the  whole  edge  seemed  to  enter  the  liquid 
at  once  when  lowered  into  it,  and  when  raised  slowly  parted  from  the 
liquid,  first  at  both  ends  and  lastly  at  the  middle  of  the  lower  edge. 

Fig.  21  shows  in  section  the  conditions  obtainiM.  The  tension  surface, 
separating  the  air  and  the  liquid,  rises  over  the  solid  and  envelops  it,  and 
by  its  contractile  force  draws  up  the  two  shaded  masses  of  water,  tne  weight 
of  which  the  balance  measures.  The  results  are  obtained  as  follows : — 
The  index  of  the  l)alance  is  brought  to  zero.  The  vessel  containing  the 
liquid  is  then  slowly  raised  until  the  liquid  touches  the  under  edge^3  the 
plate  and  wet8  it.  As  soon  as  ihis  takes  place,  the  liquid  film  spreiEids  over 
the  plate  and  by  its  tension  acts  on  the  balance.  The  balance  is  again 
adjusted  to  zero,  and  the  lower  edge  of  the  plate  is  thereby  also  brought  to 
its  original  level.  Where  6  is  the  breath,  r  the  thickness  of  the  plate^  and 
T  the  surface  tension 

W  =  2(6  +  t)T (10) 

Both  these  methods  have  been  found  to  give  concordant  results  and  to 
admit  of  extremely  accurate  work  with  some  liquids  ;  but  Richardson  and 
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1  have  (otmd   them  niuatisfactar/  fur  mineral  Inbrioiling  oil,  and  I 
iMTe  ohlkiiwd  bell«r  rt«iiiui  by  the  capilUry  cube  lueUicNl.' 

Inilead  of  a  [jlate,  n  vertical  tube  may  be  eluni:  Iroiii  a  pp«dliR  gravity 
iMlanoe,  the  ve4el  contniailig  the  liquid  rtsling  upon  >i  tublu  wbii'h  c^un  bu    i 
raiaed  aiul  loirercd  by  «  rack.     Making  W  the  weight  oil  the  )>alatire.  r,  tlie    ' 
tluade  uid  r,  thv  imtHtde  raiJiiu  of  the  lube,  then 

W=T(3rt-,+2ir,)   ...  .    (II)    ■ 

In  other  worde,  the  weight,  divided  by  the  inuidc  ciruiimference  ]i1u)i  ibi> 
ciutoide  dT«iiiu(er«nce  ^vea  liiv  surfnce  tenuoii. 

Tot  M  deKiiplion  of  this  «ad  oth'-j  luethoda  of  nieasiiriuj;  sti]jtrfitial 
letiaian  the  pajwr  by  Prwtor  Hall '  should  he  consulted, 

hi  al!  caeee,  the  surface  teoaiou  of  the  liquid  to  be  measured  uiuat 
be  Its*  lh»u  tlmt  of  the  solid  plate  or  frame,  or  the  formi?r  will  uot 
sprart  nver  tlie  Utter  and  tunn  ti  film  acting  in  a  direction  parallel 
with  the  aulid  surfaue.  A  little  greaae  or  oil  on  the  plate  will  ho 
reduce  the  superficial  tension  of  the  solid  that  wnt«r  will  not  spread 
over  it.  In  all  omos,  th«  solid  should  be  well  wnshed  with  caustic 
»oda  solution,  well  rinsed  in  clean  water,  and  then  heated  in  a  Bunaon 

CidweJOU  Figures.— Although  in  the  practical  testing  of  oils  the 
observation  of  the  curious  forms  assumed  by  the  spreading  of  oil 
drops  on  clean  wat<?r  surfaces  has  not  yet  been  found  to  be  of  much 
practical  value,  cohe-sion  Bgures  are  of  great  interest,  and  may  yet  be 
found  of  service. 

When  a  drop  of  oil  is  allowed  to  fall  on  water,  although  it  quickly 
oontaminttlee  the  whole  of  the  water  surface,  the  greater  portion 
ranutins  its  a  lenticular  mass,  which  spreads  with  greater  or  less 
r^idity,  beoomca  perforated  with  holes,  forms  beautiful  lacetike 
li^ur«B,  and  finally  separates  into  numerous  lenticular  discs.  DifTerent 
uilsptuduce  in  most  cases  ditTeront  figures,  and  these  figures  are  altered 
by  tlu!  pruseuce  of  adulteratita.  The  thickness  of  the  contamination 
film  surruundiug  the  oil  discs  is  exceedingly  small— about  two 
milliontiui  of  a  millimetre — and  the  tension  of  this  attenuated  film 
would  aeom  to  be  about  as  great  as  that  of  the  combined  pull  of 
the  oil-ftir  and  oil-wnter  surfaces  enclosing  the  lenticular  masses 
of  superfluous  oil,  This  tendency  of  the  two  surfaces  of  a  film  to 
close  together  and  force  the  oicoee  of  fluid  to  collect  in  separate 
nMmn«  resembles  closely  the  phenomena  observed  in  soap  bubbles  by 
Reinnld  and  ItUcker,  who  noticed  that  the  thin  black  film  was  often 
snmnnidod  by  one  liaving  a  thicknemi  260  times  as  great. 

It  i*  irloar,  however,  that  liefore  the  significance  of  the  action  of  the 
■mrface  forcn*  of  U<iuitlN  and  solids  upon  some  of  tlie  more  obscure 
pheuoaieiia  of  lubrication  can  tic  stttistnctorlly  ascertained,  further 
reworub  upcm  surface  tension  phenomena  wilt  lie  rocjuired. 

•  j...,r.  s.-^,  r.hr^    i«.i,,  ..iv  ri!iiir.),81&.  ^  I'hil.  Jftw.  Nov.  IM 
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THE  THIORY  OF  LUBRICATION. 

LubricatiDii  and  FricHaiL—Lubriratiott  of  Surfaces. — In  Chapter  I. 
the  subject  of  solid  friction  iras  dealt  with  in  detail,  and  it  was 
pointed  uiit  th&t  tniless  solid  surfaces  be  contaminated  b;  lubricating 
subatanoes  they  generally  seize  and  abrade  each  other,  even  tinder 
very  small  loads.  Such  contaminated  surfaces  cannot  properly  be 
called  lubricated  surfaces,  for  the  particles  of  the  lubricant  lire 
merely  entangled  in  the  miuor  surface  irregularities  of  the  solid, 
while  still  leaving  it  rough.  The  laws  of  solid  friction  appear  to  " 
tiiiafTected  by  the  presence  of  contamination  films,  which  only  sei 
to  reduce  the  coefficient  of  friction  and  enable  metals  which 
otherwise  seize  to  «ork  together  at  moderate  pressures. 

On  the  other  hand,  when  a  surface  ia  properly  lubricated  it  is 
Jtoodeil  with  the  viscous  or  plastic  lubricant,  and  the  coefficient  of 
friction  depends  chiefly  upon  the  nature  of  this  lubricant  and  the 
form  of  the  surfaces.  At  high  speeds,  and  often  at  comparatively 
low  speeds  also,  such  well  lubricated  surfaces  are  wholly  separated 
from  each  other,  and  the  friction  then  depends  upon  the  thickness  of 
the  lubricating  film,  the  area  of  the  surfaces  in  contact,  their  relative 
velocities,  and  the  viscosity  of  the  lubricant. 

Althoujrh  the  difference  between  a  contaminated  and  a  lubriuated 
surface  is  only  one  of  degree,  it  is  convenient  to  eonsider  surfaces 
which  have  been  wiped  clean  as  contaminated,  and  surfaces  which 
are  wfl  with  the  lubricants  as  lubricated. 

ObJ'-dg  of  Luhrieatum. — In  the  design  of  machinery,  the  engineer 
seldom  has  to  deal  with  unlubricated  rubbing  surfaces.  His  object 
is  the  transference  of  energy,  and  itH  utilization  at  some  portiouhu 
place,  with  as  little  loss  as  possible,  in  effecting  this,  the  rel&tivi' 
moving  surfaces  are  often  pressed  together  with  considerable 
and  caused  to  slide  over  each  other  at  high  velocities.  I'nlees 
surfaces  bo  kept  apart  by  the  interposition  of  a  lubricant,  the 
frictional  losses  will  be  great,  and  the  wear  and  tear  of  the  surfaces, 
in  most  instances,  proportionately  serious.  Indeed,  were  it  not  for 
the  properties  certain  liqiiidB^wj^u|^olidB  possess  of  keeping  the 
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riy  moving  Hurfacc*  apurt,  and  thereby  reduiriiig  the  frictioiuil 
DCeu  between  thcui,  it  would  bu  impoBaihle  to  carry  on  many 
rlmportiiut  niiuiutac luring  processes,  or  to  move  vehicles  at 
_  uiin^  like  railway  speed. 
Frirtianal  Lntfie*. — It  has  been  estimated '  ttiut  tlie  total  horse- 
power of  all  the  steam  enginee  nt  work  in  the  United  Kingdom  at 
the  present  time  ia  not  less  than  ten  millions,  and  that  consider- 
ably more  than  h&lf  this  enormous  amonut  is  consumed  ui  over 
ootning  friction.  Prof.  Cbamock  gays  ;  "  It  ia  truly  remarkable  that 
of  the  many  dclailH  in  oonneclion  with  mauhinery,  none  receives  leiw 
Rttenlion  than  the  reduction  of  friction  Hnd  the  proper  lubrication  uf 
liearinga  With  a  constant  striving  after  the  i-cduction  of  steam 
oonaiimption  per  indicated  horse-power,  little  thought  is  lieatoned  on 
the  relation  of  indicated  horso-powor  to  the  useful  work  dune.  Taking 
a  good  engine  working  at  full  power,  from  6  to  S  [>er  cent,  and  at 
quarter  power  from  24  to  32  per  cent.,  of  the  total  power  developed, 
is  wasted  in  friotion  of  the  nimn  bearings.  In  many  mills  fitted 
with  firat-clnfis  arrangcmeuts  for  transmitting  power,  to  drive  the 
aluifting  alone  reiiuires  from  20  to  30  per  cent,  of  the  useful  work 
done  by  the  en^ne,  and  no  doubt  in  many  castas  this  ia  greatly 
exceeded.  Very  little  indeed  is  known  of  the  power  required  to 
overcome  the  friction  of  various  classes  of  machinery  used  in  mills 
and  facUiries,  but  it  ia  safe  to  say  that  the  work  usefully  expended 
m  (iie  Botus]  opemtioiis  which  the  machinery  is  intended  to  perform 
innst  be  an  exceedingly  minute  fraction  of  the  power  developed  by 
the  ateiim  engine  in  the  iirat  place.  It  is  evident  that  there  is 
much  room  for  progress  in  the  direction  of  the  reduction  of  avoid- 
able aouruea  of  loss  by  more  careful  attention  to  the  laws  of  friction, 
and  til  more  soieutifio  methods  of  lubrication." 

In  this  connection  Prof.  J.  Coodman  ^  has  also  reuiurked  that 
"out  of  every  ton  of  fuel  consumed  for  engine  purposes,  some  400 
to  800  lb*,  arc  wusted  in  overcoming  the  friction  of  the  working 
puts  of  the  motor,  and  further,  every  machine  driven  by  a  motor 
klto  vast«8  a  large  percentage  of  the  remaining  power  by  its  own 
Frictioa.  One  would  not  be  far  short  of  the  mark  in  saying  that 
ftuDi  40  to  80  per  cent,  of  the  fuel  is  consumed  in  overcoming 
trictiott.  This  eitromely  wasteful  state  of  afTairs  ia  moat  nnsatis- 
factDTT,  and  happily  can  lie  greatly  improved  by  a  due  observance 
of  the  lawn  of  friutiun  nnd  lubrication." 

Th«  fnll  benefit  dnrivahle  from  eRicient  lubrication  could  seldoi 
be  udteii  HdvantAge  of  until  recently,  for  bcHrings  as  formerly  coi 
•trueled  could  not  be  perfectly  lubricated  without  involving  a  great 
wuj«  ol  uiL  But  now  tliat  the  niechaniciil  problems  to  be  solved 
lure  t>M)ouie  lietter  known,  such  defects  can  be,  and  have  been  to  a 
groat  extant,  remedied  in  raudum  machines. 

Leetnrai   ([>*■"    ti^for"  the   Hisdfoul   Riigiiiwrinn  Siwiely   I'y   I'rot.  (1.   f 

racA,  Hov.  ami  Drc  IfiflA.  ii,  1. 
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4 


50 


LUBRICATION   AND  LDBBICANT8. 


Theory  of  Liu,hri cation. — Until  recently,  the  engioeer  ha<i  to  be 
guided  almost  wholly  by  eiperience  in  the  design  of  bearing  eurfacea 
and  the  methods  of  their  lubricHtion ;  the  theory  of  lubrication,  or 
of  the  action  of  viscous  or  plastic  substances  in  diminishing  friction 
between  relatively  moving  solids,  having  received  little  attention. 
Not  tliat  experimental  investigations  had  been  neglected  ;  as  a 
niatter  of  fact  a  vast  amount  of  experimental  data  had  been  collected, 
but  the  results  not  only  failed  to  agree  with  each  other,  but  they 
also  failed  to  agree  with  the  general  experience  of  eugineera  oon- 
oeming  the  frictional  resistances  of  machinery.  The  experiments  of 
Bcauchamp  Tower,  however,  undertaken  at  the  instance  of  the 
Institution  of  Mechanical  Engineers,^  have  helped  to  explain  the 
reason  of  most  of  tlieso  discrepancies.  He  proved  that  a  great  deal 
depends  upon  the  way  in  which  the  lubricant  is  applied  to  the 
bearing,  the  friction  varying  with  the  quantity  and  uniformity  of 
distribution  of  the  oil,  ua  well  as  with  the  form  of  the  bearing,  the 
speed,  etc.  Most  of  bis  recorded  experiments  were  made  in  such 
a  manner  that  the  lubrication  was  'perfect';  t.e.  the  bearing  was 
flooded  with  oil.  The  results  were  comparable  with  each  other, 
agreed  better  than  previous  experiments  with  the  frictional  resistAuces 
met  with  in  such  complex  machines  as  steam  engines,  and  were  in 
close  agreement  with  hydro-dynamical  theory.  Taken  in  connection 
with  other  experimental  results,  they  have,  thanks  mainly  to  the 
work  of  Oaboroe  Reynolds,  enabled  ub  to  frame  a  fairly  complete 
theory  of  high  speed  lubrication. 

Unfortunately,  the  same  cannot  be  said  of  our  knowledge  of  the 
static  or  low  speed  friction  of  lubricated  surfaces.  On  this  subject  we 
can  only  point  out  those  conditions  which  seem  to  be  of  importance, 
and  give  such  experimental  data  as  are  available. 

The  theory  of  high  speed  lubrication  is  based  upon  the  supposition 
that  a  lubricant  acts  in  virtue  of  its  viscosity  and  density,  physical 
properties  which  cause  the  fluid  lubricant  to  insinuate  itself  between 
the  relatively  moving  surfaces  and  force  them  apart.  Such  lubri- 
oants,  however,  offer  considerable  resistance  to  shear,  and  at  high 
speeds  it  is  this  resistance  which  mainly  occasions  the  friction  of 
the  bearing.  The  value  of  this  resistance  depends  upon  the  viscosity 
of  the  lubricant,  the  relative  speed  of  the  surfaces,  their  area  and 
inclination  to  each  other,  and  also  upon  the  thickness  of  the 
lubricating  film  at  each  point.  When  these  conditions  are  known, 
the  resistance  offered  to  their  relative  motion  can,  very  approximatel;, 
be  calculated.  That  these  really  are  the  conditions  which  determiiM  i 
the  friction  will  bo  seen  when  we  come  to  consider  bearings  t. 
different  kinds  and  compare  the  experimental  results  with  " 
deduced  from  theory. 

Dinsion  of  the  Subject, — Bearing  surfaces  are  of  various  h 
the  most  common  form  being  cylindrical ;   often,  however,  they  a 
true  planes;   but  whether  cylindrical  or  flat,  the  opposing  surfac 
I  ft-oc.  latl.  Mteh.  Eng.,  1883,  188S,  18SB,  1891. 
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wtien  trorking,  orciseldoui  quite  pamllel  to  each  other.  In  diBCussUig 
U>e  tbe»T7  of  lubrication,  the  mibjeut.  will  lie  treated  tinder  tht; 
following  heada  ■.^- 

1.  Static  Lubrication. 

•2.  Low  Speed  LiibrioAtiun.  , 

3.  High  Speud  Lubriuatiuii.  ' 

ThU  order  of  trentnient  ia  cotiTetiteut,  an,  ullhough  at  high  apeeda 
the  frictiou  defiendii  verj  greatly  upon  the  shape  of  the  tiurfiLOea  and 
tbe  free  suppiv  uf  the  lubric&nt,  Huch  is  nut  thi;  case  nt  low  Bpeedx, 
for  the  surfiiL-cs  tlien  net  as  though  they  were  npproximutely  parallel, 
wid  the  liibricnting  films  very  thin  in  plaeoB. 

Static  Lubrication. — Influence  oj  the  ThickntM  i-f  Lubrieatimj 
Fiimt — When  two  surfaces  betwoeu  which  there  is  a  viscous  lubri- 
lating  fluid  are  pre«fled  firmly  together,  the  lubricant  ie  slowly 
eipeUnl,  tbe  faL-es  eventually  approach  one  another  very  cloaely,  and 
in  order  to  cause  them  to  commence  sliding  over  each  other,  con' 
oidemble  force  hiu)  sometimes  to  be  exerted.  It  is  evident  that  if  the 
aolid  siir^-es  were  perfectly  smooth,  and  the  film  had  an  appreciiible 
thicknOBs,  any  force,  however  anialt,  would  cause  relative  uintion  ;  for, 
in  the  case  of  a  viscous  fluid  film  (see  p.  18  (5)), 

F.,''f* (1) 

the  reeuabuiue  F  being  proportional  to  the  i^peed  t\,  so  that  when 

But  bearing  surfaces  never  are  perfectly  smooth,  and,  as  tu  the 
case  of  ao-callod  solid  friction,  the  projecting  particles  interlock 
ttOfnewhat,  even  though  ihoy  may  be  prevented  from  actually  touch- 
lug  each  other  by  the  presence  of  tiie  intervening  lubricant.  It  is  to 
Lbia  iaUrlunking  that  the  static  friction  must  lie  mainly  attributed  : 
ootuequL-iilly,  the  extent  to  which  the  film  of  any  particular  liquid 
can  be  iwlucrai  in  thickness  by  the  pressure  urging  the  faces  together 
ts  n  very  importaiit  consideration. 

■Sto/ir  CofilHi-iei't  of  Frit-tion. — Our  knowledge  of  the  static  coefficient 
of  frictiou  of  well  lubricated  surfaces  is  by  no  means  complete.  Thurs- 
toti,'  buwucer,  has  described  some  esperimenta  which  he  considenj,  on 
tbe  whole,  lo  Imve  been  reliable.  He  found  that  with  different  oik 
tbe  nuiallau  undergone  by  the  static  cootticient  with  increasing  load 
n  very  ninilar  for  each  litiuid,  olthough  the  valne  of  tbeir  friotioiial 
nsiatannM  may  differ  considerably. 

Via.  32  oshibita  graphically  the  residts  obtained  by  Thurston  with 
his  oil't«sting  machine,  wlieti  sperm  oil  and  lard  oil  were  used.  With 
apmo  oil  (A)  the  static  coetfiuieut  rose  very  rapidly  until  a  pressure 
M  about  70  lb?,  jwr  wjuare  inch  was  reached.  It  then  iucreaaod  less 
rapidly  In  BOO  Hb..  diid  umre  mindly  again  to  7S0  llw..  whilst  at  the 

'  Frutivit  and  Loll  It'ork-,  \i.  315. 
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last  observation,   1000  lbs.,  a    fiirtlier   falling  off  was   esperieoced. 
Lard  oil  (B),  iiltiiough  having  about  twice  the  viBcosity  of  spenn  oil, 
gave  H.  irmch  lower  coefficient  of  friction,  bnt  it  behaved  similarly,  the 
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depraaed.     Heavy  lubricatiog  petroleum  behnved  very  niiiali  lik« 
sperm  uil, 

Ijinl  oil  Diust,  tberefore,  remain,  in  epitc  of  the  load  on  the  bearing, 
np*  much  thicker  tiltii  between  tbe  aurfacoB  than  sperm  oil,  atid  laimt  ' 
HfiJM  (he  irreguUritie«  from  iuterlockiiig  to  a  greater  ext«ut.  Here  I 
HK^tnatler  ooefficient  of  friction  in  giveu  by  tlie  liquid  having  t)ie  | 
^Bbter  viscosity.  The  higher  preaeiires  sUted  are  much  greater  than  ' 
it  has  been  foiuid  posniblo  to  employ  iu  practice  when  the  load  is  not  ^ 
inttrrmittent.  1 

fHodtic  Frietiim. — When  the  lubricating  6lm  is  a  plastie  substance, 
such  aa  axlc-grenee,  tbe  conditions  are  diflcreut,  for  uuch  a  film  cannot 
be  wholly  expcUci:)  by  preasure,  and  under  ordinary  working  condi- 
tioDs  may  remain  so  thick  that  the  metallic  surfaces  never  actually 
bouch,  nor  do  the  projections  interlock.  1 

TiMkt  the  film  cauiiot  b«  wholly  eipelted  will  bo  seen  from  fig.  10, 
ph  39.     llie  two  surfaces  AB  and  CD  are  supposed  to  be  approach- 
ing without  tangential  (sliding)  motion,  and  the  plastic  lubricant  is    ' 
b«ing  expelled  from  between  them  by  the  pressure  set  up.     The  load 
urging  the  surfaces  together  remaining  the  same,  the  thickness  of  I 
the  fllin  decroaaes  until  those  portions  of  the  lubricant  the  stresses  1 
uptn  which  are  sufficient  to  cause  shear  have  been  expelled.     Further  1 
appnxieh  is  then  arrested.  I 

Kiicb  a  Blm  ofiers,  however,  a  measurable  static  resistance  txt  shear.  I 
from  e^>eriment8  made  with  plastic  lubricants  (see  p.  63)  it  would  j 
appear  that  under  such  loads  as  are  uiied  iu  praotice,  and  when  the  1 
aur(a(«a  are  relatively  at  rest,  the  film  is  bo  thick  that  the  static  oo-  I 
effiiiicut  Is  muuli  leKs  tlutn  th&t  given  by  even  good  viscous  lubricants,  1 
and  also  thot  the  coefficient  of  fnctioii,  when  the  speed  is  small,  1 
docreucB  steadily  with  decreasing  speed  until  the  static  coethcient  1 
is  approximated. 

^Bfi*  of  Supetjkial  Tension. — Even  when  liquid  lubricants  alone 
are  used,  if  the  pressures  forcing  the  surfaces  together  are  not  too 
I^KMt,  the  liquid  film  is  only  partially  expelled,  and  the  irregularities 
of  metallic  surfaces  are,  to  some  extent,  prevented  from  interlocking 
and    fmm   cutting  or  abrading   oach   other   when   set    in    motion. 
Different  luliricants  furai  films  of  very  different  degrees  of  thickness. 
Thv  property  does  not  seem   to   Ini    in   any  direct   way  related    to    • 
viaomity,  for  wiunlly  mobile  liquids  vary  greatly  hi  tlieir  power  of   I 
forming  thick  stable   films   and    reducing  friction.     Although    this  I 
mbjeci  lias  been  already  dealt  with  at  some  length  in  Chapter  III.,   I 
'u  refer  to  a  few  of  the  main  points  which  seem  to  have  a  1 
a  the  BUitio  coefficient  of  friction.  I 

L,  unlike  animal  and  vegetable,  oils,  seeiu  for  tlie  must  jmrb  J 
1  this  property  of  forming  thick,  permanent  Dims.     When  I 

I  for  benringM  which  have  t^i  curry  comparatively  heavy  loads  oo  I 

II  rubbing  surface!),  mineral  lubricants  are,  therefore,  often  mixed  I 
will)  animal  or  vegetable  oils,  fats,  greases,  etc.     The  power  which  a  I 

d  Aim  poasessea  of  resisting  complete  expulsion  from  between  two  I 
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motallio  BiirfaoeB  may  be  rognrded  aa  due  to  two  causes.  In  the  fire 
place,  there  is  the  interfacial  action  which  causeB  oils  to  spread  I 
themHelvoe  over  loetallic  surfaces.  Rayleigh  haa  shown  that  whea  M 
several  liquids  are  brought  into  contact  with  a  solid  whose  surface  1 
tension  is  greater  than  that  of  either  of  them,  the  conditions  of'l 
equilibrium  or  of  minimum  potential  energy  are  satisfied  when  r 
the  liquid  of  greatest  surface  tension  is  in  contact  with  llie  solid,  I 
and  the  other  liquids  aasume  the  order  of  their  relative  surface  | 
tensions. 

Water,  however,  although  it  has  a  greater  surface  tension,  uaiinot«  I 
as  a  rule,  displace  oils,  fats,  greases,  etc.,  from  the  surfaces  of  solids,  I 
for  such  sutetauces  are  insoluble  in  water  and  insinuate  themselvt 
among  the  surface  particles  of  the  solid,  from  which  they  are  not  I 
easily  separated.  When  the  temperature  is  high,  and  the  surfaces  I 
abrade  each  other,  water  is  apt  to  displace  the  lubricant  and  sert-  1 
ously  increase  the  friction  coefficient.  Thus,  water  arising  from  | 
condensation  in  steam  pipes,  etc.,  interferes  seriously  with  the  proper  I 
lubrication   of   valves,  piston    rings,  etc.,    upon  which  it  is  apt  to  I 


All  lubricants  have  smaller  surface  teusious  than  the  solids  be-  j 
tween  which  they  are  used,  consequently  they  readily  spread  ovar  I 
and  wet  such  surfaces.  Were  it  not  for  this  action,  it  would  be  1 
impossible  to  apply  the  lubricant  in  many  of  the  ways  now  commonly  I 
employed. 

But  in  addition  to  this  power  of  spreading  over,  or  wetting,  metallio  I 
surfaces,  note  must  be  taken  of  the  power  certain  filins  po 
resisting  dixruption.  For  instance,  a  film  of  pure  water  ruptures 
almost  immediately  it  forms.  Such  a  film  consista  of  two  surfaces, 
in  each  of  which  the  molecules  are  in  a  peculiar  condition  of  stress. 
When  the  marginal  moIeeiUes  of  the  two  surfaces  meet,  the  film 
becomes  locally  weak  and  ruptures.  The  addition  of  a  little  soap, 
although  it  reduces  the  surface  tension  of  the  film  by  nearly  one 
lialf,  causes  it  to  persist  and  strongly  resist  rupture  at  pointe  where 
it  haa  become  thin. 

Duprd  and  Rayleigh  proved  tliat,  at  the  moment  of  their  formatiou,  j 
surfaces  of  soapy  water  have  hardly  less  surface  tension  than  pure  I 
water.  The  soap  in  the  film  is  slowly  concentrated  from  the  interior, 
and  not  only  alters  it«  tension  and  prevents  it  from  rupturing,  but 
also  increases  its  viscosity.  Clean  water  supplied  to  hydraulic 
machinery  has  little  or  no  lubricating  effect  upon  the  bearing  sur- 
faces of  valves  and  other  moving  parts,  which,  when  imlubricated, 
abrade  each  other  very  rapidly.  A  little  soap  added  to  the  water  J 
makes  all  the  difference.  The  film  renistii  i-uplure,  feels  '  soapy  "^ 
between  the  fingers,  becomes  more  viscous,  and  keeps  the  mettdliel 
surfaces  from  abrading  each  other. 

Owing  to  the  concentration  of  the  soap  in  the  surface  film, 
a  very  small  quantity  is  required  to  secure  the  proper  lubrication  < 
hydraulic  valves,  etc. 
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Tlie  result  prodiici^d  by  the  v&rjiag  thicknesses  of  the  permauent 
greke;  films  of  different  hibrieanta  ban  ulready  been  seen,  as  regards 
uperm  oil  and  lard  oil,  iii  the  fsjse  of  the  slutio  friction  coefficient. 
liut  aa  iu  value  in  Iuhri<:atlug  problems  is  most  mnrbed  when  the 
apved  IB  Uiw  and  the  load^i  ti\g\i,  detailed  reference  to  it  is  convenient 
St  Lhia  Juticltire. 

I.OW  Speed  Lubricatioii. — /;;/«eiK-e  of  thf  Nulwe  and  Condition  of 
the  Friflian  Surface*. — At  high  speeds  we  shall  find  that  with  suitably 
designed  bearings  the  lubricant  becomes  trapped  in  relatively  considor- 
abl«  volume  beiweeti  the  moving  surfaoea,  and  as  it  cunnot  escape 
freely  again,  the  aurfaues  renuun  completely  separated  by  a  viscous 
film  (atie  p.  G-l).  At  very  low  speeds,  Itow ever,  this  is  not  the  case, 
Aud  if  the  load  be  t^xj  great,  or  the  rubbing  surfaces  are  of  unsuitable 
roat«rinLs,  there  la  danger  of  so  cutting  and  tearing  the  bearings  that 
they  Kill  nni  hot.  Static  friction  and  low  speed  friction  effects  are, 
indeed,  of  great  importance  in  almost  alt  cases,  for  machines  have 
gcaenlly  to  be  started  from  rest  with  considerable  loads  on  the 
bearings.  Tiiia  is  especially  the  case  with  the  ailes  of  railway  vehicles, 
tbc  Jotiruala  of  which  require  very  careful  lubricatiou  ;  endurance  and 
a  low  coefhcieiit  of  friction  being  of  paramount  importance.  The 
frlctmii  of  turntable  centres,  of  the  motion  pins  of  slowly  moving 
engtno,  etc,  and  indeed  of  the  rubbing  surfaces  of  all  kinds  of  slowly 
noring  machinery,  is  largely  dependent  upon  the  nature  of  such 
surboea,  and  ujran  the  greasineBs  or  oiliness  of  the  lubricant  uac<:l,  its 
riacasty,  and  the  rate  at  which  the  viscosity  decreases  with  rise  of 
temperature. 

The  irregularities  of  even  smooth  rubbing  surfaces,  although  they 
way  be  separated  over  considerable  areas  by  continuous  films  of  the 
lubricant,  often  actually  engage  each  other  at  numerous  points.  At 
such  places  abraajon  occurs,  often  without  serious  results,  for  the 
liberaU<d  heat  can,  iu  must  cases,  pass  freely  away,  and  the  lubricating 
film  is  uol  permanently  broken.  Should,  however,  the  materiato 
forming  the  bearing  surfaces  be  such  that  when  forced  into  contact 
they  reailily  weld  U^ether,  large  areas  of  the  surfaces  may  eventually 
■oite.  Therefore,  although  at  all  ordinary  runuuig  speeds  the  friction 
doptnids  almost  wholly  upon  the  action  of  the  lubricant,  and  very 
little,  if  at  all,  upon  the  nature  of  the  surfaces  in  contact,  It  cannot 
bo  too  clearly  understood  that,  at  low  speeds  and  with  heavy  loads, 
tlUs  is  by  no  meojui  tlie  case,  and  that  so  much  injury  may  be  done  at 
atarllng  that  even  if  llio  surfaces  do  not  seixe,  they  may  be  made  so 
unoTCn  lluit  the  li-juid  film  cannot  be  properly  formed  between  them 
■t  high  running  speeds,  and  the  friction,  owing  to  tlic  formation  of  a 
Uiiii  film  of  irrogolar  thickness,  may  become  so  great  that  undue 
besting  will  result. 

The  efTeeiH  at  low  speeds  arc  practically  the  same  whether  the 
RurtaiMi  be  plain,  oylindrical,  or  of  double  curvature.  In  this  respect 
■pUn  the  lawn  of  low  speed  friction  differ  from  those  obtaining 
at  liiirh  nfy-ndu,  tor  at  high  Speeds  the  magnitude  of  the  coefBc'-"* 
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depQiidit  upon  tlio  shape  uf  the  siirfacos  aa  well  iu  upon  the  iMtura  of 
Lhe  hibncant,  etc. 

The  great  friotioiial  resistance  met  with  at  low  speeds  is  well 
known  bi  all  who  have  noticed  heavy  nmohiner;  riniiiing  slowly,  or 
who  have  seen  hydraulic  piimpiug  engines  start  from  rest.  In  the 
latter  case,  from  the  mrimcut  the  engine  commences  to  move,  it  has 
to  deal  with  the  full  load  on  all  its  bearings,  iu  consequence  uf 
this  nil  the  faces  are  firmly  pressed  together,  and  the  luhricating  filiu, 
especially  if  it  be  a  mineral  oil,  is  not  sufficiently  tliick  to  prevent 
even  the  minute  irregularities  of  the  surfaces  from  interlocking 
somewhat,  and  the  bearings  often  'groan'  and  the  parta  move  by 
jerks.  But  as  the  speed  increases  this  jerky  motion  decreases,  the 
machinery  '  groans '  less  and  less,  and  finally  moves  easily  and 
noiselessly.  At  the  lower  speed  the  lubrication  is  imperfect,  but  by 
the  time  the  relative  xpeeds  of  the  rubbing  surfaces  have  reached 
IU  or  20  feet  per  minute,  comparatively  thick  films  of  oil  have 
been  thrust  by  the  motion  of  the  shafts,  ete.,  between  them  and 
their  bearings,  and  the  load  is  carried  by  oil  films  only.  Wheii 
these  comparatively  thick  filmu  have  formed,  and  the  faces  eitlier 
wholly  or  over  the  greater  part  of  their  surfaces  have  separated,  tha  I 
lubrication  is  said  to  bo  '  perfect.'  I 

Iiifiwn'-e  of  the   Visamt;/  and  Uilvie^  of  Die  LuhrirntU. — At  low  " 
speeds,    especially   under  heavy    loads,    and    in   all   cases    where    a 
complete   oil    film    cannot   form    between  the  friction  surfaces,  the 
viscosity   and   the   oilincss   {iuhriiyiti/,    uneluosity)  of  the    lubnoant 
are   of   great   importance.      These  properties,    though  distinct,  are 
related  in  some  way,   for  it  will   generally  be  found,  with  oils  of 
the  same  class,  that  the  friction-reducing  power  at  low  speeds  is 
iu  the  same  order  as  the   viscosity,  though    in  comparing  miners] 
oils  with  animal  and  vegetable  oils  of  the  same  viscosity  the  lattATH 
will  be  found  to  have  the   greater  friction-reducing  power, 
to  their  greater  oiliness,'     Some   experimental    results  illustratio 
theae    facts    are    recorded    in    Tables    XCl.    c    and    t>    (p.    345}^ 
Everything  depends,  however,  upon  the  speed  and  the  load ;  for, 
from   the   moment   the   surfaces  commence   to   move   relatively  to 
each  other,  tlie  oil  tends  to  be  forced  between  them  and,    there- 
fore, aa  the  speed  increases  and  the  film  becomes  thicker  and  more  _ 
complete,  so  the  reduction  of  friction  becomes  more  and  more  c 
pendent  upon  the  viscosity  and  less  xipon  the  oiliness  of  the  lubrica 
employed. 

Injluenm  of  the  Method  of  Luhriralifin. — The  friction  i 
dependent  upon  the  method  of  lubrication  at  low  speeds  tliui  I 
higher  speeds ;  indeed,  with  a  short  chord  of  bearing  surface,  i 
therefore  with  heavy  loads  per  aijuare  inch,  the  friction  is  appi 
imatelj  the   same  whether  the    pad.  oil-bath,  or  other  system 

'  Some  authors  uw  the  terui  'budj''  U 
by  others  tliis  term  has  been  emplojed  to  n 
vlatxHity,  el«. 
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lubrication  be  adopted.     With  less  heavy  loads  the  friction  is  more 
variable. 

The  following  results  were  obtained  by  Goodman  ^ : — 


Tablk  V. — Frictional  Resistances  at  a  Speed  op  7*8  Fekt 

FEB  Minute. 


System  of  Labricatlon. 

Length  of  Chord  uf  Bearing  Surface  (inches). 
20             1-76           1-5             10             0-5 

Mean  Frictional  Resistances. 

Oil-bath, 
Satorated  pad, 
OOy  pad, 

0-92 
113 
1-87 

0-70 
0-92 
1-26 

0-64 
0-72 
0-94 

0-48     i      0-47 
0-48          0-46 
0-57          0-61 

Coefficient  of  Friction  at  Loio  Speeds. — Experiments  on  the  coefficient 
of  friction  at  very  low  speeds  have  been  made  by  Jenkin  and  Ewing,^ 
who  measured  the  friction  at  such  low  velocities  as  0*0002  feet  per 
second.  They  employed  very  considerable  loads,  and  their  bearing 
surfaces  were  spindles  resting  upon  flat  surfaces.  These  conditions 
were  found  by  Kimball  to  favour  a  coefficient  decreasing  continuously 
with  increase  of  speed. 

Jenkin  and  Ewing  state  that  in  the  case  of  steel  upon  brass, 
lubricated  with  oil,  the  coefficient  was  found  to  be  0*146  at  all  speeds 
from  0*0002  to  0*0064  feet  per  second.  In  the  case  of  steel  upon  steel, 
however,  the  coefficient  increased  from  0*119  at  0*0002  feet  per  second 
to  0*13  at  0*0046  feet  per  second.  This  increase,  and  also  a  subsequent 
decrease  of  the  coefficient  of  friction  with  increasing  speed,  is  much 
more  clearly  brought  out  by  Kimball,  whose  apparatus  is  thus 
described : — 

"  A  shaft  one  inch  in  diameter  was  adjusted  so  that  it  could  be 
driven  at  almost  any  rate  between  one  revolution  in  two  days  and  a 
thousand  in  a  minute.  A  hole  was  bored  through  a  block  of  cast 
iron  3  J'  x  3 J'  x  1  J'  and  carefully  fitted  to  the  shaft ;  rigid  iron 
rods  were  screwed  into  the  top  and  bottom  of  this  block,  and  adjusted 
so  as  to  stand  in  a  vertical  line  at  right  angles  to  the  shaft.  Upon 
these  rods  slotted  weights  could  be  placed,  and  thus  the  pressure 
upon  the  shaft  and  the  centre  of  gravity  of  the  brake  could  be 
rouiily  adjusted." 

'  Fridian  and  Lubrication  of  Cyliitdrieal  Jai<r7ui/«  (pamphlet),  1890,  p.  13S. 
«  Fkil,  Trans.,- 1877,  p.  609. 
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Th«  two  fbUowiDg  tables  giTe  the  results  obtained  :  - 
Tablk  VI. 


These  results  show  a  coefficieDt  iaereanng  as  the  Telocity 
TiBLi  VIL 


FtMpBrUbiMa. 

tin.  pa  BMOBO.                      JrioBoo  Coefldenl. 

6-0 

as-fi 

50-4 

no* 

3-06 
11-49 
36-61 
66-90 

1-00 
0-60 

0-46 
0-29 

Theue  results  show  a  coetficient  deenating  as  the  velocity  iacreases. 

Tliat  the  coetficient  of  friction  of  lubricated  bearings  at  very  low 
speeds  is  often  greater  thao  the  static  coefficient  is  supported  by 
many  other  facte,  (ioodmaii's  eiperimentfi  (Table  VIII.  p.  61)  may  be 
instanced.  On  the  diagram,  fig.  23,  the  curve  A  shows  the  manner 
in  which,  in  these  experiments,  the  friction  varied  at  moderately  low 
speeds  with  a  toad  of  150  lbs.  per  square  inch.  It  the  curve  A  were 
continued  so  lu  to  cut  the  ordinate  of  no  speed,  the  static  coefiicient 
would  be  about  0  21.  This  Is  for  bath  lubrication.  With  saturated 
pad  lubrication  (curve  B)  the  static  coefficient  would  be  about  0'27. 
These  are  high  figures  when  compared  with  the  static  coefficients 
obtained  by  Thurston,  which  are  given  on  the  diagram,  fig.  32.  It 
is  probable  tliat  had  Uoodmaii  experimented  at  much  lower  speeds, 
he  would  have  found  that  the  friction  assumed  a  mauDmm  at  a 
comparatively  low  velocity,  and  then  decreased  again  as  the  speed 
decreased.  Wellington's  rcsulte'  were  obtained  by  noting  the 
resistance  ottered  to  the  motion  of  wagons,  and  cannot  be  considered 
aa  accurate  measures  of  journal  friction  at  very  low  speeds,  as  the 
resistance  was  dne  partly  to  the  riMiiii  friction  of  the  wheels  on  the 
rails,  partly  to  vibration,  etc.  With  lubricated  journals  it  would 
appear  that  the  coefficient  of  friction  ia  at  a  maximum  at  some  speed 
below  one  centimetre  per  second  ( =  about  2  feet  per  minute). 
Kimball  *  says  that  an  increase  in  the  pressure  between  the  surfaoss 

'    Traim.  Amer.  Sue.  Civ.  Sng.,  1881.  '  Ainer.  Jouru.  Scieru4,  187«. 
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hi  oontact  changes  the  value  of  the  maiimiim  coefScient,  and  m&kes  it 
correBpoiid  to  ii  amiilliir  velocity.  Tiie  more  yielding  the  materials 
between  which  the  friction  occnra,  the  higher  k  the  velocity  at  which 
the  Dioximum  coefficient  is  found.  Ucating  the  bearitige  cfiangea  the 
position  of  the  maximum  coetticient  to  a  higher  velocity.  In  the 
vicinity  of  the  manimum  coefficient,  the  friction  generally  remaimi 
Hcn^ibly  coniitant  for  a  considerable  range  of  velocitiea.  With  speeds 
above  one  centimetre  per  second,  or  thereabouts,  a  viscous  lubricant 
being  used,  the  friction  of  journals  falls  rapidly  until  a  velocity  of 
about  five  centimetres  per  second  (  =  about  10  feet  per  minute)  is 
reached,  and  then  increases  very  slowly  to  the  highest  speeds  at  a 
rate  depending  upon  the  method  of  lubrication  employed.  This 
I'liange  of  the  cocfKcietit  of  friction  with  increasing  speed  is  shown  on 
tiie  diagram,  fig.  34.  From  o  to  6  the  eiirve  rises,  indicating  that 
at  the  lowest  speeds,  below  one  centimetre  per  second,  the  coetficient 
of  friction  increases  with  increas- 
ing speed.  With  further  increase 
of  speed,  the  coefficient  of  friction 
rapidly  decreases  and  reaches  a 
minimum  (at  c),  if  the  lubrication 
iit  good,  at  a  speed  of  about  five 
centimetres  per  second;  it  then 
slowly  increases  again.  With 
imperfect  lubrication,  or  with 
plastic  lubricants,  the  coetticient 
of  friction  falls  less  rapidly  from 
b ;  indeed,  the  speed  may  reach 
100    teet    per   minute    lieforu    the   lowest   poiut  e  of   the  curve   is 

At  one  time  it  was  supposed  that  there  was  always  a  sudden  ctiauge 
in  the  value  of  the  coefficient  of  friction  when  the  surfaces  iu  contact 
came  relatively  to  rest.  This  wan  shown  to  be  erroneous  by  Jenkin 
and  Ewing,  who  found  that  although  the  frictions  of  rest  and  of  motion 
have  often  very  diSerent  values,  in  no  instance  was  there  a  sudden 
or  abrupt  change  in  value,  the  kinetic  coefficient  gradually  changing 
as  the  speed  decreased  until  the  static  coefficient  was  reached.  Their 
experiments  were  made  at  extremely  low  velocities,  as  stated  on  p.  67, 
and  from  the  results  obtained  we  may  safely  conclude  that  the 
coefficient  gradually  changes  when  the  velocity  becomes  small,  so  »s 
to  pass  without  discontinuity  into  the  friction  of  rest, 

Siibsequeut  experiment  has  amply  confirmed  this  view.     Still  c 
knowledge  of  the  variations  which    the   kinetic   friction    nnderg 
with  change  of  speed  is  by  no  means  complete,    few    experiment 
having  Iwen  carried  out  at  very  low  velocities. 

In  Table  IX.  (p.  70),  which  will  be  fully  described  later,  the  ^ 
o!  a  certain  constant,  0,  leads  to  the  helief  that,  as  in  the  case  ( 
cylindrical  surfaces,  the  lubrioation  of  plane  surfaces  is  also  imperM 
at  low  speeds  and  with  heavy  loads.     When  the  value  of  C  c 
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vary,  the  pressure  film  has,  there  is  every  reason  to  believe,  established 

itself. 

At  a  mean  speed  of  about  60  feet  per  minute,  and  with  greater 

loads  than  60  lbs.  per  square  inch,  the  pressure  film  is  partly  crnsheil 
out  and  the  friction  becomes  abnormally  great,  as  shown  by  the  large 
and  increasing  value  of  C.  At  90  feet  per  minute,  even  160  lbs.  per 
square  inch  is  satisfactorily  carried,  but  at  speeds  below  13  feet  per 
minute,  even  with  20  lbs.  per  square  inch,  the  pressure  film  is  not 
properly  formed  and  the  friction  is  high. 

Table  VII I. ' — Chanqes  in  Value  of  the  Coefficient  of 
Friction  with  Increasing  Speed. 


Spud.            i 
Feei  per  Minate. 

CoefflcienU  of  Friction  (jki)  under  i 

k  preasore  of 

fiO  Ibe.  per  aq.  in. 

76  lbs.  per  aq.  in. 

160  Iba.  per  aq.  in. 

5 

•  •  • 

•0025 

•1145 

10 

•0009 

•0007 

•0250 

15 

•0012 

•0008 

•0051 

20 

•0014 

•0009 

•0034 

25 

•0017 

•0011 

•0027 

30 

•0021 

•0013 

•0023 

40 

•0026 

•0016 

•0019 

50 

•0032 

•0018 

•0017 

70 

•0042 

•0024 

•0017 

90 

•0053 

•0030 

•0020 

110 

•0064 

•0036 

•0024 

130 

•0075                         0042 

•0029 

150 

•0086                        -0048 

•0035 

170 

•0096                         0054 

•0041 

190 

•0106                        -0060 

1 

•0047 

In  the  case  of  a  journal,  the  high  coefiicient  of  friction  at  low  speeds 
is  also  very  striking,  especially  when  the  load  per  square  inch  is 
considerable.  Table  VIII.  shows  the  changes  in  the  value  of  /x^  with 
increasing  speed  when  the  pressure  is  150  lbs.,  75  lbs.,  and  50  lbs. 
per  square  inch,  and  the  journal  flooded  with  the  lubricant.  With 
the  smaller  load,  even  at  such  a  speed  as  10  feet  per  minute,  the 
ooeificient  of  friction  is  small.  At  75  lbs.  per  square  inch  the  friction  is 
at  a  minimum  between  5  and  10  feet  per  minute,  whilst  at  160  lbs. 
per  square  inch  the  minimum  frictional  resistance  is  not  reached 
until  a  speed  of  about  40  feet  per  minute  is  attained.  In  other  words, 
the  lubrication,  except  with  small  loads,  is  imperfect  at  low  speeds,  a 
high  speed  being  required  to  form  a  sustaining  li(iuid  pressure-film. 

Although  the  above  statements  concerning  the  changes  which  the 
low  speed  friction  undergoes  with  slight  changes  of  speed  are  doubtless 

»  Theae  figures  have  been  obtained  by  plotting  the  values  given  in  Goodman's 
Ubles. 
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correct  for  certaiu  conditions!,  the  effects  produced  by  ctiauges  in  the 
viscosity  and  other  properties  of  tbe  lubricuut,  the  method  of  ite 
ttpplication,  iind  the  form  and  condition  of  the  rubbing  siirfnces,  are 
only  imperfectly  known.  Neither  has  the  action  of  a  litbricanl  in 
decreasing  friction,  when  the  speeds  of  rubbing  are  small,  been  sub- 
jected, nor  does  it  appear  to  be  amenable,  to  mathematical  treatment. 
However,  the  conditions  obtaining  under  such  circumstances  can  be 
given  approximately. 

Ttieori/  of  Lmw  Speed  Lubrieation.~Vt'e  have  already  pointed  out 
that  if  the  irregularities  of  the  surfaces  did  uot  interlock,  the  friction 
lid  be  much  smaller  than  it  really  is  at  very  low  speeds ;  indeed 
the  friction  at  rest,  if  the  viscous  lubricating  film  were  sufficiently 
thick  to  prevent  interlocking,  would  bo  nil.  We  may,  therefore, 
assume  that  the  surface  irregularities  are  large  as  compared  with  the 
thickness  of  such  a  lubricating  film,  and  that  aa  the  speed  increases 
the  film  becomes  thicker. 

The  uetiiin  will  be  understood  from  tig.  25,  which  shows  a  highly 
'  II  of  two  iniaginiLry  surfaces  in  slow  relative  motion, 
tniicliiiii.'  I>_v  11   viscous   lubricating  61m.    As  the  J 
surfaces  move  over  each  other  thafl 
elevated    portions    alternately   ap~l 
-"       "    "^      proach  and  recede,  and  the  greater] 
^  ,      the  relative  speed  the  more  rapid 

is    this    action.      Each    time    two 
I  :  ..  ::>  Huch  elevated  points  as  A  and  B 

approach,  the  liquid  is  expelled 
from  between  tliam,  and  then  dmwu  in  again  as  they  recede  from 
each  other.  But  the  viscosity  and  oiliness  of  the  lubricant  resist 
this  alternate  squeezing  out  and  drawing  in  of  the  film  more  and 
more  powerfully  as  the  speed  of  rubbing  increases. 

The  more  rapid  the  relative  movement,  the  smaller  is  tbe  volume 
of  lubricant  forced  from  between  tbe  asperities,  and  the  thicker  tbe 
film  becomes.  Kven  at  very  low  speeds  this  thickening  of  the  6lm 
is  a«8isied  by  the  lubricant  which  is  trap]>e-l  at  the  front  edge  of  the 
bearing.  This  jwint  will  be  dealt  with  at  a  later  stage,  as  to  it  intiat 
luainly  be  ascribed  the  low  friction  of  even  flat  surfaces  at  high 
speeds.  The  thickening  action  occasioned  by  the  asperities  passing 
over  each  other  can  only  occur  to  a  very  limited  extent,  and  would 
seem  to  prevent  tbe  kinetic  friction  at  Ofrij  loa  speeds  from  eiceeding 
the  static  friction  by  so  much  as  it  otherwise  would. 

The  resistance  duo  to  the  viscosity  of  the  film  is  proportional  lo 
the  speed  of  rubbing,  and  inversely  proportional  to  the  thicknem 
of  the  film.  Up  to  speeds  somewhat  below  one  centimetre  per 
second  we  must,  therefore,  assimie  that  tbe  lubricating  film  does  not 
thicken  with  sufficient  rapidity  to  prevent  the  speed  from  increasing 
the  frictional  resistance.  At  greater  speeds,  however,  the  film 
thickens  so  rapidly,  as  compared  with  the  increase  in  speed,  that  the 
coefficient  soon  falls  to  a  small  fraction  of  its  original  value. 
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Within  oertom  limitii,  the  smootlier  the  aurfncea  the  suialler  llie 
etatic  eoefiicicnt ;    but  at  v^i'y  low  speeda  Huch  Biirfaces  ^ve   com- 
paratirely  high  frictional  reabtancea,  for  ihp  films  are  then  oscecdinglj 
thin,  ood  are  not  increased  tn  thickMcsN  much  l>r  the  tictiou  above  I 
d«Mrib«d.  ^ 

Ltbrifatian  with  Plastic  Solide. — For  a  tiiiniber  of  yeare  greaaes  I 
nere  alnujat  exuUiaively  iiBed  for  milway  axles,     Thoy  are  gc^uerully  I 
raiulsionaof  fat  or  oil,  soap  and  water.     Siicli  axle  grcasex  are  plaatio  i 
nithi-r  tluui  viscous  miittires,  and  rei^uire  the  exertion  of  a  certain  I 
definite  pressure  to  cause  them  ti3  flow.     Owing  to  this  fact,  they  I 
cuinut  be  completely  squeezed  out  from  between  the  journal   and  j 
it*  bearing.     They  are,  on  the  other  hand,  readily  forced  in  at  the 
higher  veJocitiex.     Although  offering  much  more  resistance  to  motion    { 
»t  high  spends  than  does  n   hibrioant   of   low  viscoeity.  the   much    ( 
gT»l«r  thtckneu  of  the  plastic  film,  when  the  speed  is  low,  makes 
the  static  friction  Icsa  than  is  given  by  most,  if  not  by  all,  truly 
Twoous  fluids.     On  this  account,  althotigh  the  friction  of  a  rapidly 
Rinnring  train  hibrical«d  by  oil  may  l)e  lunch  leaa  tlian  when  plaatio 
gnnsesaie  used,  a  much  greater  forct  is  required  to  Bet  the  coaches 
in  motion.     Greaiaes  have  consequently  maintained  their  position  as 
lubricanta  for  low  speed  goods  trains  on  moat  lines. 

T.  G.  Clayton  1  made  a  scries  of  eiperimenta  to  ascertain  the 
(riction  nf  coaches  belonging  to  various  railway  companies  with  a 
view  to  measuring  the  static  friction  when  using  oil  and  greaae, 
rospoctiiely,  oa  lubricants.  He  found  that,  on  the  average,  a  tractive 
fon:«  of  l!2'63  Iba.  per  ton  was  reqnired  to  move  a,  ooaoh  when 
lubricated  with  grease,  whilst  a  fon»  of  18'54  lbs.  per  ton  was 
required  when  oil  was  used. 

To  keep  tli«  rubbing  surfaces  of  bearings  from  coming  into  contact, 
owing  to  the  eiptUflion  of  the  lubricant  by  the  load  when  their 
roUtire  velocities  are  small,  oils,  fats  and  greases  containing  aolid 
lubricaLQta,  tnich  as  graphit«,  are  much  more  extensively  used  than  | 
an  audt  xolida  alone,  Aa  a  rule,  the  viscous  or  plastic  matrix  acts  | 
«fi  a  earner  for  the  solid  lubricant,  and  enables  it  to  bo  more  readily 
apjiliod  til  the  rubbing  aurfat^e.  It  is  placed  in  such  a  position,  with 
rr^anJ  to  the  bearing,  that  should  the  liquid  lubricant  be  rubbed 
ocit,  thtr  heat  arising  from  the  inureaaed  /riction  meltrt  the  matrix, 
and  the  uiiiture,  containing  the  »olid  in  suspenaion,  imuediately  runs 
OD  to  the  dry  aurtace. 

Such  mixtures  are  mostly  suitjibtc  for  heavy  pressures  and  low 
aperda.  At  high  speeds  their  frictionnt  coefficient  is  very  great,  and 
the  heating  and  loss  of  power  which  they  cause  is  proportionately 
«eriumi.  Their  mte  is,  therefore,  almost  entirely  restricted  to  bearings 
whi<^  are  only  in  tnotlun  uocaaionally,  or  to  such  m  the  journals  of 
lip  wagons,  or  the  axles  and  spindles  of  hauling  machinery.^  The 
'  t^lirifaHoit  and  Traeti&ii  rrliilins  tn  Kailu'ay  Carriagn  (|mnipl>Ul).  WiUiniii 
'  PdTtbw  luformatluii  uo  Ihtt  um  of  gnure  tm  InnomntiiT  axIch  is  given  on  ]i,  *87, 
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solid  portiou  of  tho  lubricant  linda  itit  waj  into  ttie  aurftuM  irregu- 
larities aud  fillB  (hem  up,  thus  increasing  tbeir  amootbneee.  It  also 
prevents  the  metals  from  welding  to  each  other  at  points  where  they 
are  forced  into  contact  by  excessive  pretsBure.  Solid  lubricants  are 
often  mixed  with  liquid  ones  and  used  for  rubbing  surfaces  which 
have  not  properly  worn  themselves  true,  for  although  the  coefficient 
of  friction  may  be  high,  and  the  bearings  become  heated,  the  aoUd 
lubricant  prcventa  the  injury  that  would  otherwise  result  from  tbs 
decreased  viscosity  of  the  li'piid.  Thus  graphite,  aoapstone,  ~ 
parallGn  wax  melt^  together  and  worked,  while  hot,  into  a  plttil 
rope  of  cotton,  jiitc  or  hemp,  constitute  au  excellent  packing 
piston-rod  and  other  glands.  The  wax  keeps  tho  packing  soft  and 
pliable,  the  soapstone  and  graphite  serve  to  make  it  durable,  whilst 
the  fibrous  material  binds  the  whole  together  and  gives  it  a  form 
convenient  for  the  user. 

High  Speed  Lubrication. —  Tlte  Pr-smtr'i  Film.—  At  a  speed  depeud- 
ing  greatly  upon  the  load  and  the  natiu'e  of  the  lubricaut,  the  rubbing 
surfaces  commence  to  separate,  and  a  comparatively  thick  prettun 
film  forms  between  them  and  carries  the  load.  The  exteirt  to  which 
the  tbickuess  of  this  Rlin  increases  with  the  speed  varies  not  only 
according  to  the  load,  the  viscosity  of  the  lubricant,  the  area  of  the 
bearing,  and  the  speed,  but  also  according  to  the  shape  of  the 
surfaces  and  the  relative  positions  they  assume.  As  illustrations  of 
the  conditions  under  which  pressure  films  are  produced,  aud  those  which 
determine  their  thickness,  it  will  be  convenient  first  to  consider  the 
case  of  parallel  plane  surfaces,  then  of  plane  surfaces  inclined  to  each 
other,  and  finally  of  cylindrical  surfaces  such  as  those  of  journals. 

Lnbric'ition  of  Parallel  Plaite  Sur/weg.^ — Although  neither  a  very 
common  form  of  bearing  nor  one  that  will  carry  veiy  great  loads,  the 
conditions  which  obtain  when  parallel  plane  surfaces  are  prettied 
together,  and  caused  to  slide  over  each  other,  are  of  considerable 
interest,  for  the  laws  which  govern  the  frictional  resistance  in  such 
cases  nerve  to  illustrate  very  clearly  the  mode  in  which  viscous 
substances  reduce  the  friction  between  relatively  moving  bodies. 

The    subject    was    one    that    engaged     the    ckise    attention    of 
lieauchamp  Tower.      Indeed,  had  it  not  been  for  his  eiperimentAl 
work,  to  which  reference  has  already  been  made,  we  should  have 
without  the  data  upon  which  to  found  a  hydro-dynamical   thi 
Of  the  experiments  made  by  Tower,  those  on  pivot  friction  have 
bearing  upon  the  subject  in  hand. 

In  these  experiments,  faces  which  were  free  to  move  to  or  fi 
each  other  were  maintained  pnrnUel.     The  pivot  experimented  wj 
was  made  of  steel,  had  a  perfectly  Hat  end  3  inches  in  diameter, 
was  pressed  against  a  manganese  bronze  bearing  in  such  a 
that  the  faces,  although  they  could  separate,  were  always  parallel  to 
one  another.     The  exact  form  of  bearing  and    the   details  of  the 
iiiucbine  employed  are  given  on  pp.  ^67-8,   The  lubricant  was  supplied 
I  Deeley  aud  Wolff,  Tht  £^*N«cr,  lOlL  Jsuusr;  189B,  p.  25, 
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throogtt  a  hole  in  the  centre  of  the  bearing,  and  waa  distributed  by 
two  radinl  grooTee  extending  from  the  oeutro  hole  to  within  a  ^  of 
Ml  inch  of  the  periphery  of  the  bearing  aiirface.  In  this  way  the 
b«Anng  was  al«ayB  kept  flooded  nith  oil,  which  remaiDed  clean  aud 
bright  during  the  experinients,  indicating  that  no  abrasive  action 
was  taking  place.  In  other  words,  the  liibricntioa  waa  '  perfect ' ; 
thirre  wita  a  comparatively  thick  film  of  oil  maintained  under  pressure 
botwceu  the  surfaces,  which  were  thus  preveuted  from  touching  each 
other.  To  the  viscous  action  o(  this  oil  film  the  friction  was  wholly 
doa,  being  aimOter  the  thicker  the  film,  and  greater  the  higher  the 
However,  with  each  change  of  speed  or  load  a  corresponding 
I  the  thidtnese  of  the  film,  and  therefore  of  the  triotional 
•,  took  place. 
.  36  illuatrates  the  action  of  such  a  film  It  shows  two 
3  of  uiilimit«d  length  and  breadth  separated  by  a  vise 
an  r,.     The  apper  plane  CD  is  snppoeed  to  be  tixe  I. 


«Ub  the  lower  plane  AB  moves  in  the  direction  of  the  anflw  with  a 
relodty  v^.  By  the  definition  of  viscoeity  (p.  IS)  there  will  be  e 
tjuigculial  roaistance  to  motJon 


F-i;- (3) 

Th«  tjingential  motion  varies  uniformly  from  v,  at  AB  to  nil  at 
C[».  Thua,  if  the  length  FG  be  taken  to  represent  tij,  then  the 
leugth  o(  the  line  I'N  will  represent  the  velocity  at  P. 

niutn  first  the  ptaties  are  set  in  motion,  the  inertia  of  the  viscoua 
liijuid  prevents  it  from  at  once  assuming  this  condition  of  flow,  but  ii 
a  ■>oinpiimtiv<?ly  xliort  [luriud  all  irregularities  of  motion  subside,  and 
tbn  velocity  of  the  li<iiiid  at  any  plane  is  strictly  proportional  to  its 
dbrtAQce  from  ('!>. 

Iu«rlia  eflwts  aI»o  show  themselves  when  one  plane  is  of  finite 
exunil,     Tbey  tend  to  throw  the  surfaces  apart,  and  mnintaiii  a  \ 
o(  the  liquid  between  them.     In  fig.  37  the  surface  CD  is  supposed  to 
bo  lit  limited  length,  both  parallel  with  and  in  a  direction  pcrpen- 
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dictiUr  to  the  paper.  AB  is  flooded  wilh  oil,  which  when  approaching, 
but  at  some  distance  from  D,  Is  moving  at  the  speed  d,  of  the  plane 
AB.  Just  before  reaching  D,  a  relative  mntioii  or  distortion  of  the 
fluid  Ih  produced.  At  D  the  oil  in  actual  contact  with  the  6zed  plane 
is  at  rest,  and  tlie  remainder,  instead  of  passing  along  between  the 
surfaces  in  such  a  manner  that  the  rate  of  distortion  is  everywhere 
the  same,  as  in  Sg.  26,  is  caused  by  its  own  inertia  to  enter  the  space 
between  the  planes,  and  to  Sow  in  such  a  way  that — as  shown  in 
tig.  27 — the  rate  of  distortion  becomes  much  greater  near  the  plane 
CV  than  near  the  plane  AB  ;  whilst,  at  the  end  C,  the  rate  of  distor- 
tion of  the  lubricant,  in  virtue  of  its  viscosity,  may  have  become 
approiioiatcly  the  same  at  all  pianos.  Under  these  conditions,  there- 
fore, the  lines  EG  are  curved,  the  rate  of  distortion  is  greater  oear 
CD  than  near  AG,  and  the  volumes  passed  at  each  section  are  pro- 
portional to  the  areas  enclosed  by  EFG.  It  will  be  noticed  that 
these  areas  are  larger  at  the  entrance  D  than  at  the  exit  G,  part  of 
the  excess  of  liquid  escaping  laterally,  owing  to  tlie  comparatively 
small  width  of  the  plane  CD  in  a  direction  perpendicular  to  the 
surface  of  the  paper.  When  the  velocity  with  which  the  lower  plane 
moves   is   very  small,  the    volume  carried  iu  between  the  surfaces 

EF .  GF 
is  nearly  proportional    to  — ^^ — ■,  and  at  the  opposite  end  of  the 

plane  the  same  volume  is  carried  out ;  but  as  the  speed 
the  volume  introduced  may  exceed  the  volume  carried  out  at 
an  amoTint  almost  proportional  to  EF  .  GF ^ 


EF.GF 


1 


at  which  the  excess  remains  unaltered,  however  much  the  speed  nuiy 
be  increased. 

When  the  planes  are  of  cousiderable  area,  and  are  close  together, 
the  viscosity  of  the  oil  powerfully  resists  its  escape  at  all  points,  and  at 
the  same  time,  by  tending  to  make  the  rates  of  distortion  everywhere 
equal,  causes  it  to  accumulate  and  force  the  planes  apart  until  the 
forces  are  in  equilibrium.  This  action  is  going  on  at  all  points  between 
the  surfaces  when  their  length,  measured  in  the  direction  of  motion, 
is  not  very  great.  The  force  tending  to  throw  the  planes  apart  is, 
therefore,  distributed  over  them  much  as  is  the  force  resisting  the 
approach  of  two  surfaces  separated  by  a  viscous  medium. 

In  this  way,  when  the  opposing  surfaces  are  kept  parallel,  a 
pressure  film  is  maintained  between  them,  and  a  considerable  load 
may  be  supported  by  CD,  so  long  as  AB  is  in  rapid  motion.  The 
resistance  to  the  motion  of  the  lower  plane  is  then  due  whqlly  to 
the  viscosity  of  the  liquid  film.     It  is,  however,  somewhat  in  excess 

of  the  value  obtained  by   the  formula  F  =  >j'-!— ,  for  owing   to   the 


excess  of  oil  introduced  at  D,  the  conditions  of  motion  are  not  exi 


THE   THEORY    OF    I.DBRICATION. 


67 


those  shown  iu  fig.  36.     No  correctiou  for  this  small  difference  will 
be  attempted. 

We  will  in  the  first  place  deal  with  the  ixmditions  determining  the 
volnme  V,  introduced  through  the  relative  motioii  of  the  surfaces  and 
the  density  of  the  hquid.  The  viscoiia  liquid  resting  upon  AB  at 
points  distant  from  the  eurface  CD,  is  moving  with  a  velocity  i\. 
At  the  point  D,  when  the  velocity  is  coneiderablo,  the  liquid  is  throtcn 
against  the  opening  between  the  surfaces,  much  iu  the  same  way  as 
water  from  the  combining  cone  of  an  injector  is  thrown  against  tlie 
orifice  of  the  delivery  cone.  Its  power  of  entering  the  opening  may 
be  regarded  as  proportional  to  the  density  of  the  liquid  and  to  the 
square  of  the  velocity.  It  is  almost  independent  of  the  viscosity  ;  for 
the  entrance  of  the  liquid  is  as  much  opposed  by  ita  adherence  to  CD 
as  it  is  assisted  by  its  adherence  to  AB. 

No  doubt,  at  low  speeds,  as  the  load  urging  the  facea  together  is 
increased,  the  volume  entering  decreases  more  rapidly  than  does  the 
distance  separating  the  rubbing  surfaces,  until  finally  the  marginal 
pressure  of  the  imprisoned  film  prevents  the  liquid  from  entering  at 
all,  and  the  faces  close  together  ;  but  when  the  speed  is  great  and  the 
load  is  increased,  there  is  reason  to  suppose  that  the  liquid  fails  quite 
suddenly  to  get  between  the  surfaces,  which  thereupon  'seize.'  We 
may  therefore  assume  that,  except  at  low  speeds,  the  volume,  V,  enter* 
ing  is  appro»imately  proportional  to  v^r^b,  where  »■„  is  the  distance 
between  the  surfaces  and  li  the  length  of  the  orifice  at  D. 

In  the  case  of  a  rectangular  bearing,  the  viscous  liquid  is  introduced 
along  one  side  and  escapes  along  the  margin  of  the  other  three,  and 
the  larger  the  volume  introduced,  the  more  the  bearing  surfaces  part 
in  order  to  allow  it  to  escape. 

The  conditions  attending  the  escape  of  the  fluid  may,  therefore,  bo 
well  illustrated  by  taking  the  case  of  parallel  surfaces  approaching 
each  other  without  tangential 
motion  (fig.  28).i  The  fluid  has 
to  be  squeezed  out  from  between 
the  surfaces,  and  since  there  is 
no  motion  of  the  fluid  in  contact 
with  the  surfaces,  the  horiitontal 
velocity  will  be  greatest  half-way 
between  them,  nothing  at  0  (the 
middle  of  CD),  and  greatest  at 

the  ends.     This  is  for  planes  of  fic  28. 

inlinite    length    in    a  direction 

perpendicular  to  the  plane  of  the  paper.  If  in  a  certain  state  of 
motion — shown  by  the  dotted  lines  in  fig.  28 — the  space  between 
AB  and  CD  be  divided  into  ten  equal  parts  hy  vertical  lines,  and 
if  those  lines  be  supposed  to  move  with  the  fluid,  they  will  shortly 
after  assume  the  positions  on  the  curved  lines,  in  which  the  areas 
included  between  each  pair  of  curved  1 
'  Osbome  R^tioldfl,  Phil.  Tran 


1886,  p.  173. 
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dott«d  figure.  If  it  were  not  for  the  inertia  of  the  fluid,  the  lines 
would  be  absolute,  instead  of  approximate,  parabolas.  It  can  be  at 
mice  seen  that  the  curved  lines  indicate  the  rates  of  distortion  at 
different  points,  aud,  as  force  is  required  to  maintain  the  rate  of 
distortion  at  each  plane  constant,  a  vertical  pressure,  W,  must  be 
applied  to  force  the  liquid  out.  The  pressure  will  be  greatest  at  O, 
and  will  fall  off  towards  the  ends  C  and  D. 


in  the 
ReTDolds- 


aellipa 


r,^(o* 


i  the  velocity  of  normal  approach  is    propor- 


Therefore,  the  escaping  volume  may  be  written 


We  thus  obtain  eipresBions  for  the  volume  V,  of  the  vigcoas  li^id  iotro- 
doced  by  the  motion  of  the  bearine,  and  use  for  the  motion,  V„  of  the 
liquid  presEod  out  by  the  weight  on  toe  brass.  In  order  that  the  conditions 
of  flow  may  remain  constant,  these  two  valnes  mnst  be  eqoal,  consequently. 


(6) 
(6) 


The  left-hand  term  of  this  equation  gives  us  the  value  of  F*  required 
to  maintain  the  plates  in  steady  motion,  since  F  (eqnation  1)  is  inversely 
proportional  to  r,  and  directly  proportional  to  o,iia. 


,  F^  y.,w(.-+y). 

which,  in  the  case  of  a  circle,  when  b=a,  resolves  itself  into 


W 


V' 


W 


(11) 


The  values  of  F  and  the  coefficient  of  friction  will,  therefoire,  vary 
with  the  shape  of  the  surface  boundary,  but  will  be  conataot  tor 
surfaces  of  similar  shapes.  Hence,  in  the  case  of  the  oirole,  ellipse, 
and  rectangle,  we  see  that,  the  proportions  being  unaltered,  and 
the  premises  correct,  the  friction  varies  as  the  fourth  root  of  tJi«  area 
of  the  surfaces. 

Experiment  appears  to  bear  out  this  statement,  for  it  haa  been 
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foiind  that  the  coefficient  of  friction  of  a  pivot  or  plane  surface  is 
afiectcd  much  less  by  the  size  of  the  bearing  than  by  the  velocity  at 
which  it  runs  or  by  the  load  which  it  carries,  the  pressure  film  being 
unbroken. 

Although  in  Tower's  experiments  every  care  was  taken  to 
measure  the  friction  between  the  surfaces,  and  to  keep  them  in  good 
condition,  no  attempt  was  made  to  ascertain  the  rise  of  temperature 
produced  by  different  speeds  and  loads,  or  the  value  of  the  viscosity 
of  the  oil  used.  Some  resistance  to  motion  must  also  have  been 
offered  by  the  oil  film  surrounding  the  cylindrical  portion  of  the 
footstep,  but  as  the  clearance  is  not  given,  and  we  do  not  know  the 
viscosity  of  the  oil,  its  magnitude  cannot  be  calculated. 

We  are  consequently  unable  to  compare  one  experimental  result 
quite  satisfactorily  with  another. 

Assuming  that  the  oil  did  not  vary  very  much  during  the  trials, 
and  that  the  cylindrical  footstep  was  a  moderately  loose  fit  in  the 
brass,  we  may  write  from  (11) 

C  =  F.^/^       •        •        •        •     <^2) 

N  being  the  number  of  revolutions  of  the  footstep,  and  C  a  constant. 

In  Table  IX.  are  given  the  values  of  C,  calculated  from  Tower's 
experimental  results,  the  mean  speeds  of  the  footstep,  the  loads, 
and  the  frictional  resistances.  At  low  speeds,  C  has  a  high  value, 
which  increases  steadily  as  the  load  increases,  showing  that  the 
volume  of  oil  entering  is  not  proportional  to  EF  .  GF,  and  is  not 
keeping  the  surfaces  properly  apart.  At  higher  speeds,  however,  C 
actually  decreases  somewhat,  until  the  heaviest  loads  are  reached. 
The  decrease  is  probably  brought  about  by  the  heating  effect  of  the 
friction  decreasing  the  viscosity  of  the  lubricant,  or  by  the  fact  that 
the  force  measured  in  the  experiments  was  partly  due  to  the  viscous 
resistance  of  the  oil  film  surrounding  the  cylindrical  portion  of  the 
footstep.  In  all  cases,  the  highest  loads  cause  a  small  increase  iu 
the  value  of  C,  in  spite  of  the  fact  that  the  viscosity  of  the  lubricant 
must  have  been  lowered  by  the  heat  generated  by  friction.  Under 
these  conditions  the  film  would  be  thin,  and  the  volume  of  liquid 
introduced  by  its  inertia  somewhat  less  than  when  r^  is  large. 

Lul/riccUion  of  Inclined  Plane  Surfaces, — As  a  rule,  even  when  the 
rubbing  surfaces  are  plane,  the  opposing  surfaces  are  free  to  adjust 
themselves  according  to  the  position  of  the  load  they  carry  and  the 
distribution  of  pressure  in  the  film  keeping  them  apart.  The 
conditions  under  which  the  lubricant  then  acts  differ  somewhat 
from  the  case  of  parallel  plane  surfaces.  In  the  latter  case,  it  is 
to  the  inertia  and  mscosity  of  the  lubricant  that  we  must  attribute 
the  presence  of  the  pressure  film  ;  but  when  the  faces  are  able  to 
become  inclined,  the  liquid  wedges  itself  between  them  and  forces 
them  apart.  The  conditions  then  obtaining  have  been  carefully 
considered  by  Osborne  Reynolds,  and  merit  close  attention,  as  it  is 
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to  thift  acttou  that  be  a^ribos  the  great  oarryiug  pnwer  of  cylindrical 

As    to    the    trictional   resiaUnce   and   carrying    power    of    plane 
s»rf«Ges,  Buch  as  eogine  slide  blocks,  which  become  Biiglitly  iuclined    i 
to  eo«h  of  the  faces  they  ruu  upon,  iio  eiperimental  results  have  yet    ( 
heeii    obuioed   which   can   be  compared    as  regards  accuracy  with 
Beauchamp   Tower's    t^ts   of 
pivot  bearings. 

In  5g.  29,  AB  is  a  plane 
mrfacc,  of  unlimited  length 
&nd  breadth,  moving  in  thu 
direction  of  tlie  arrow  beneath 
the  inclined  surface  CD,  which 
is  of  limited  len^b  and  of 
very  limit«d  breadth,  in  a 
direcliuii  perpendicular  to  the 

pap«r.      Omitting   the   efTects  pm  ^s. 

wbidi  would  be  produced  by 
the  inertia  of  the  liquid,  the  conditions  of  flow  are  as  folloi 

At  the  lower  edge  of  D,  where  the  liquid  enters  between  the 
auifaoea,  the  volume  introduced  is  proportional  to  -^—^ 

However,  owing   to  the  inclination   of  the  surfaces,  the  vohii 

posHed  out  at  the  edge  C  is  only  proportional  to  ''   '  .5-^'— '■ 

Wlien  the  surface  ClJ  is  of  considerable  area,  and  the  planes  are  very 
rJiKe  tugetlier,  Uie  excL'ss  of  oil  or  other  lubricating  fluid  introduced 
at  llic  edge  U  must  escape  :  but  thiy  is  opjKtsed  at  all  points  by  the 
vistnsily  of  the  liquid.  The  oil,  tberefore,  tends  to  accumulate,  and 
a  priwsiire  is  set  up  which  forces  the  surfaces  apart  imtil  the  load  i: 
aufficieut  to  prevent  fnrther  recession.  In  this  respect,  the  action  is 
atmiUr  to  that  we  have  already  described  as  resulting  from  the  inertia 
of  tLe  entering  Quid. 

According  to  Osborne  Reynolds,  tl)c  cIToct  reaches  a  maximum  f 
baaringB  of  snch  dimensions  as  are  used  in  practice  when  EF  =  2 
E,K,,  and  owing  to  the  greater  freedom  with  which  the  lubricant 
can  escape  at  the  end  D  and  the  sides  near  it,  the  point  of 
raaiimum  pressure  p  is  somewhat  nearer  C  than  D.  The  curve 
at  tho  tiip  of  tile  figure  indicates,  approximately,  the  pressure  at 
diffcmut  points  of  such  a  film,  tending  to  force  the  surfaces  apart. 
The  direction  in  wlilch  the  load  acts,  normal  to  AB,  does  not 
niKwssarily  coincide  with  p,  but  with  the  centre  of  the  area  enclosed 
tiy  the  curve  and  base  line  of  the  pressure  ordinates. 

The  preMHure  eierCod  by  the  film  nmat  always  be  equal  to  the 
(wuluuit  Biternal  force  which,  neglecting  the   obliquity  of   CD,  i 
perpend  to  ular  lu  ,\B,  and  tends  to  force  the  surfaces  together.     When  ^ 
Um  MirfaceM  are  free  to  assume  any  position,  the  pressure  of  the  lilm. 
i&dinatinn  of  surtuccs,  etc.,  adjust  themselves  to  suit  the  load  and  j 
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j»  mmc  if  uimBMSEOL,  and  liir  hbmci  tiie  saifaoes  are  caused  to 
lODT^jaim.   aira  icaiai.  'stif  ^rmsbBr  is  tibe  frictacm   and   consequent 
miiir'i  3ir  ^tif  mmtt  f/mMcaxr^ 
Tbti   ■yoascsatm   idianmxic  lieum'eBM  tbe  load,  pressure,  etc.,  under 

^  by  Osborne  Reynolds. 


Ill  ;ait  mm  if  &  mraasK  vS>  if  ittfause  viitk  in  a  direction  perpendicular 
la  ins  7«p«r  le  SBUBEK 

T,=i,^^ (13) 


lai  zjk  5»rx  ?«(iizi*i*i  "b  latfo  ikaB  ia  ttHtti^  motion' 


T^tT^^         .....     (14) 


U 


^^cc^ (16) 


(16) 


LmhricatioH  of  CyiimJricmi  St^mewtL — Tlie  cylindrical  is  by  far 
the  BMXt  coaimoQ  fcroa  of  Kotfin^  surface,  and  is  the  one  with 
which  most  oc  the  experaaciitB  recoided  have  been  made.  Until 
Beauchamp  Towers  rei^iha  were  pttblished,  little  was  really  known 
ooDcermng  the  ^Eects  pfoduccd  by  lairing  the  method  of  applying 
the  lubricant.  He  showed  that  manr  of  the  methods  in  use  were 
Terr  imperfect^  the  oil  holes  and  oil  ways  often  cutting  across  those 
portioci:^  of  the  sur£iceis  where  the  pressure  of  the  film  should  be  at  its 
greatest,  and  allowing  the  lubricant  to  escape.  With  properly-shaped 
brasses  resting  upon  well  lubricated  journals,  he  succeeded  in 
obtaining  resultts  which  were  proxed  by  Osborne  Reynolds  to  be  in 
accordance  with  hydro-dynamical  theory.  The  method  of  applying 
the  lubricant,  and  the  machine  with  which  he  experimented,  are 
described  in  Chapter  IX. 

A  brass  which  has  been  running  for  some  time  upon  a  lubricated 
cylindrical  journal  wears  in  such  a  way  that  the  radius  is  always 
slightly  greater  than  that  of  the  journal.  When  forced  into  contact, 
therefore,  the  brass  and  journal  do  not  touch  over  the  whole  of  their 
surfaces.     On  the  other  hand,  when  the  journal  is  in  rapid  motion. 


!  'i    •  Mt  must  be  clearly  borne  in  mind  that  the  load  carried  may  be  modified  yeiy 

it.  largely  by  varying  the  direction  in  which  it  acts,  for  the  inclination  of  the 

surfaces  varies  according  to  the  distribution  of  the  pressure,  etc    Both  in  the 
case  of  iucliued  and  parallel  surfaces  inertia  effects,  previously  considered,  must 
<  show  themselves.     The  wedging  and  the  inertia  actions,  however,  as  will  be  seen 

from  equations  (lf>)  and  (16),  have  similar  effects  upon  the  relationships  between 
the  coefficient  of  friction,  the  speed,  the  load,  and  the  viscosity;  but  the 
relationships  between  these  values  and  the  area  and  shape  of  the  bearing  do  not 
appear  to  be  quite  similar.  Still  it  is  clear  that,  as  is  the  case  with  contaminated 
and  clean  surfaces,  the  coefficient  of  friction  of  parallel  plane  sarfaoas  is  only 
slightly  affected  by  variations  in  the  area  of  the  surfaces  in  contact. 
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the  weight  on  the  brass  b  not  too  great,  the  surfaces  nre  8i?parat«<d 
fmui  ench  othor  li.v  a  mutiauoiia  oil  film.  Fig.  30  ropreflents,  in  an 
exagg«ratMl  Muwuer,  a  section  through  such  a  bmw  and  joiirnul, 
ihe  l*tl*r  IwiDg  Biippowd  to  rotate  in  the  direction  shown  hy  tlie 

The  curved  siirTnces  Afi  imd  CD  have  their  centres  at  I  nnd  J,  a 
lino  drawn  thrnugh  which  indicates  the  position  uf  nearest  approocli 
E,F,.  Betneon  EF  luid  E,Fi  the  distance  soparating  the  surfaces 
decriMso,  the  triangle  E,FjlJ,  is  consequently  smaller  than  EFG,  and 
th«re(ore  the  lubricant  which  is  broiight  up  by  the  rotation  of  the 
jounutl  and  forced  into  the  narrow  space  between  the  journal  and 
tbr  ImtSB  l>ecomes  compressed  in  its  pajssagc  forward  and  tends  to 
force  tie  surfaces  apart.     On  the  other  hand,  as  we  go  from  E,F,G| 


orr 

I 

'' 

^ 

tnwonU  IJ  ihf-  fnw's  recede,  and  were  it  not  for  the  flow  of  oil  from 
the  partioo  where  the  liquid  imdergoe»  compression,  the  pressure 
might  be,  and,  indeed,  ainuetimes  does  become,  negative* 

When  there  is  nu  loud,  the  conditions  are  as  illustrated  in  6g.  31. 
Here  the  Terticul  preasnrea  are  shown  by  the  curved  lines  on  the 
top  of  the  figure.  On  the  right-hand  or  'on'  side  the  pressure  ia 
positivr,  whilst  on  the  left-hand  or  *og"  side  it  is  negative,  and  the 
vertical  coinimuentA  of  these  pressures  balance  each  other.  On  the 
irthor  hand,  tlic  borimmtjil  enmponent  of  the  pressures  to  the  left 
uid  right,  iudieat«4]  by  the  cnn'ca  at  the  Hides,  will  both  act  on  the 
bnuBi  tu  the  right,  and  us  these  will  increase  as  the  surfaces  approach, 
the  dintancc  oorrcs ponding  to  J I  (fig.  30)  nmst  he  exactly  such  that 
tJicae  componontA  balance  the  resultant  friction. 

The  thickness  of  tlie  film  at  different  points,  and  the  variations  of 

•  In  thi-  Ammmn  Uiuhiaitt  fi.r  8et'<-  10.  IS03>  H.  F.  Moan:  hUtua  tliat  iii 
coajDIiCtlon  witli  l^.  A.  Murjpui  li*  vuLinlructfil  a  KUiail  dyiiama,  in  wliioli  tile 
iMkHm*  ■iiUnly  aurtuuiLtlcd  tha  juurnnl.  By  Biniply  lokding  a.  pipe  li'oiu  a 
I  will  T(4r  iif  oil  di  Itikt  pirt  of  the  benriDd  wliero  the  pnissure  would  bo  oBgative, 
U  uipilMtf*,  it  wru  faand  that  tlie  beuing  would  iQclc  in  oil  from  a  reaervoir 
fix  inehai  bdow,  uid  Ihn*  lubricate  itself. 
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liiK  pusitioo  of  £jF,  «rith  diReTGnt  loads,  have  been  worked  out 
ajEtlicniftlkaUy  br  Osbomc  ItpTDolds,  wliose  exact  oqimtione  give 
rHBolte  whicli  Kgn>e  verv  c3cwt4^  willi  the  experimentally  asccrtAined 
£act&  For  tbe  fiill  treatmeut  of  the  subject  tbe  original  papeni 
tiLould  \ie  consulted,  us  the  resulUi  otily  can  be  given  here. 

InJJuencf  of  Load  and  Sfieed. — In  the  cats  of  plane  sur/afee, 
trhelher  para/Jei  or  ittriin/od-,  Dtt  Jrietvrtuil  renxtatu^e  ie  pr-portwual 
to  the  *qnarv  nW  of  IH*  loaii.  CTlindrical  Giirfaccs,  however,  iiwiug 
Uf  their  curvature,  cannot  Repaiat«  sufiicientlv,  whilst  still  sustaining 
a  Itad,  to  pvc  this  result,  for  wheii  the  load  b  iocreased  E,F, 
decre&ses,  tlie  lubricant  is  prevent^  from  eacaping  on  all  sides  as 
freelj  as  before,  aiid  EF,  ue.  tbe  distaaoe  between  the  brass  and 
journal  on  the  'ou'  side,  increases.  Consequently,  as  tbe  load  is 
increased,  the  giositive  vertical  ixiuiponeut  to  the  right  (fig-  31) 
increases  and  overbalance  tJ»e  negative  component  to  the  left,  which 
decressefi.  and  E^F,,  tbe  p(»ut  of  nearest  approach,  moves  tu  the  left 
until  the  load  reaches  a  particular  value ;  above  this  load  the  point 
of  Dean«t  approach  moves  back  towards  O.  During  this  chanjfe  in 
the  position  of  £]F„  the  thicknes)  of  the  film  at  different  points  alters 
in  such  a  way  that  the  viscous  resistance  which  it  ofTei's  to  tbe 
motion  of  tie  jouroal  remains  nearly  constsnt ;  and  the  frietion  of 
journal*  M,  lliert/ore,  prartiaiH!/  independent  of  the  load  when  the 
fpeed  ie  tufficient  to  maintain  a  premureJUm  beticeen  tite  tteo  ivrfaeef. 

According  to  this  reasoning,  the  friction  at  high  speeds  and  with 
perfect  lubrication  appears  to  be,  ceteris  parihu*,  approximately 
proportional  to  the  area  of  the  contact  surfaces,  the  speed  of  the 
journal,  and  the  viscositj  of  the  lubricant,  and  nearly  independent 
of  the  load. 

Before  the  journal  commences  to  rotate,  the  lubricant  being  a 
viscous  one,  tbe  load  will  have  brought  the  brass  into  contact  with 
the  former  at  0  (fig.  31) ;  but  at  the  ends  it  will  be  separated  by  an 
appreciable  space  from  the  journal.  Al  starting,  ami  at  wry  Imt 
gpeede,  the  surfaces  being  in  contact,  there  is  friction  of  solid  upon 
solid,  the  oaeJicieBl  offi-iction  it  large,  and  the  surfaces  undergo  some 
abrasion ;  but  as  the  velocity  of  the  journal  increases,  the  surfaces 
gradually  become  separated  by  an  oil  ^Im,  more  particularly  if  there 
be  a  plentiful  supply  of  lubricant.  Thickening  of  the  film,  as  we 
have  seen,  can  only  take  place  to  a  limited  extent,  owing  to  the 
curvature  of  the  surfaces,  so  that  icith  iuereaeing  gjieeil  ilte  resittanee 
liecomei  more  nearly  proportional  li>  the  speed  and  less  affected  by  the 
lo'td.  At  (Ite  ottteet,  as  with  plane  surfaces,  when  the  oil  film  hat 
Hcareely  enfaUiehed  itself,  the  friction,  ceteris  paribus,  varies  mfh 
change*  of  load.  However,  owing  to  the  curvature  of  the  surfacea, 
the  film  very  quickly  reaches  a  maximum  thickness. 

Table  X.  gives  the  rcsiilta  obtained    liy  Beauchamp  Tower  ' 
bath  lubriuatiuu. 
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Table  X.— Bath  of  Olive  Oil.    Temperature  90°  F. 
Journal,  4  in.  wide  x  6  in.  long.    Chord  of  Arc  of  contact =3*92  in. 


Nominal  Fricdonal  S«siftanoe  per  Sqnare  Inch  of  Bearing  Surface. 

Nominal  Load. 
Lba.  per  iq.  in.i 

105  ft. 

167  ft. 

209  ft. 

202  ft. 

814  ft. 

800  ft 

410  ft.      471  ft. 

perMln. 

perMin. 

per  Min.  per  Min. 

1 

perMin. 

perMin. 

per  Min.  per  Miu. 

620 

•416 

•620 

•624 

•675 

•728 

•779 

•883 

468 

•514 

•607 

•654 

•701 

794 

•841 

•935 

415 

•498 

•580 

•622 

•705 

•787 

•870 

•995 

363 

•472 

•580 

•616 

•689 

•726 

•798 

•907 

310 

•464 

•526 

•588 

•650 

•680 

•742 

•835 

258 

•361 

•438 

•515 

•692 

•644 

•669 

•747 

•798 

205 

•368 

•430 

•512 

•672 

•613 

•675 

•736 

•818 

163 

•351 

•458 

•536 

•611 

•672 

•718 

•764 

•871 

100 

•360 

•450 

•650 

•630 

•690 

•770 

•820 

•890 

^  The  nominal  lo«d  per  square  inch  is  the  total  lo«d  divided  by  (4  x  6). 

The  loads  ranged  from  100  lbs.  to  520  lbs.  per  square  inch, 
nominal,  and  yet  for  each  speed  the  frictional  resistance  was  nearly 
a  constant.  Above  speeds  of  100  feet  per  minute  low  speed  effects 
do  not  show  themselves^  and  the  coefficient  of  friction  will  he  seen  to  he 
nearly  proportional  to  the  square  root  of  the  speed  instead  of  to  the 
actual  speed.  Osborne  Reynolds  considers  this  as  due  to  the  fact 
that  when  the  speed  is  increased  the  rate  of  shear  which  the  film 
undergoes  is  likewise  increased ;  the  film  becomes  heated,  its 
viscosity  is  decreased,  and  less  resistance  to  motion  is  encountered. 

Goodman  has  also  published  some  results  which  he  obtained  witb 
different  speeds  and  different  methods  of  lubrication,  and  which  are 
given  in  the  following  table : — 

Table  XI. — Resistance  at  Different  Speeds. 
Load,  300  lbs.    Temperature,  40°  C.    Brass,  •S  in.  x  4  in. 


Oil  Bath. 

Saturated  Pi 

id. 

fflcient  of 
ction,  /Ai. 

Oily  Pad. 

Feet  per  Min. 

Coefficient  of 
Friction,  ^i. 

Feet  per  Min.    ^ 

Feet  per  Min. 
5-2 

Coefficient  of 
Friction,  /*!, 

-1540 

2-6 

•1610 

4-70 

•1610 

7-8 

•0630 

7-80 

0910 

7-8 

-0560 

11-0 

•0140 

13-61 

0700 

110 

0021 

157 

•0052 

38-20 

•0021 

17-3 

•0021 

571 

•0017 

88-50 

0024 

27-2 

•0028 

67-0 

•0017 

111-50 

■0028 

61-3 

•0042 

103-7 

•0021 

122-00 

•0036 

88-5 

•0070 

122^0 

•0028 

149-70 

•0063 

1220 

-0091 

146-6 

•0035 

183-20 

•0098 

161-0 

•0126 

164^9 

•0038 

213-60 

•0126 

1830 

-0168 

183-2 

•0042 

•  •  • 

•  •  • 

209-4 

-0217 

«  •  • 

•  •  • 

•  •  • 

•  •  • 

242-9 

-0252 

k  AiiMUK  Om  thetiaa  is 


J 

n„rttm. 

«•■« 

-V-  ir.Mi 

M 

U-mr 

SmrL 

StUv 

M 

JU.S. 

^ 

i^tS^ 

J»W-J»Mfc 

O.  Laacbe'  liu)  uindu  an  elaborate  series  uf  eiperiment^  on  the 
friction  and  lubrication  of  motor  bearings  at  journal  speeds  rising  to 
iiuurl}'  4000  feet  i>er  miDiite,  and  at  preBaures  up  to  313  pounds  per 

'  TraeHen  and  Trannmijin'int,  Jan.  IBOS,  p.  33.  We  &ra  iadebtHl  to  thi- 
rroi<rl«ton  ul  JhgttiMriiig  lot  Lhe  me  or  the  blocki  of  figs.  32  and  S3,  borrowvd 
fratn  their  ntpsr. 
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Bqnare  inch.  Meaaurementa  of  the  frictiou  were  made  under  varying 
oonditiona  ot  load,  speed,  temperature,  til  of  bearings,  and  method  of 
applying  the  lubricant,  the  resiilta  generally  confirming  those  obtained 
by  Timer  anil  Thurston,  Measurements  were  also  wade  of  the  work 
expended  in  oveicoining  friction,  and  of  thi'  diasipation  of  heat  from 
bearings  by  oondnctioo,  radiation,  and  by  the  flow  of  oil  between  the 
frictiou  enrfac^- 

Aa  regards  the  influence  of  speed  on  the  coefficient  of  friction, 
Lnsche  shows  that  the  results  obtained  by  Tower,  Thurston,  and  in 
the  above  ezperimentfi,  whioh  wore  carried  out  for  the  Altgcmeiue 
ElektricitAta-Gesellschnft  of  Berlin,  are  in  agreement  with  Stribeck, 
who  found  that  above  very  low  speeds  and  up  to  speeds  of  2'fi  metres 
per  second  {i92  feet  per  minute)  the  frictional  coefficient  increaaoa  as 
the  square  root  of  the  speed,  as  shown  by  Tower,  From  ZS  metres 
to  i'O  metrvg  per  aeemut  {7SS  /erf  per  mtrmle),  hoteeaer,  tht  rale  of 
irurfcue  tc<u  fouTfl  lo  approtuh  Ike  fifth  root  of  tlie  vpml,  tu  fouml 
by  Tknrttan,  and  at  dill  higher  speeds  the  injluenee  of  veloeitij  wan 
olmereed  to  gradwdlij  diiaj^ar,  and  above  ejietdit  of  about  JO  metren 
per  teeoud  {1970  fed  pfT  minute),  the  fridion  eoegicieni  herawe 
pratliraily  indeperident  of  the  veloeitij.  The  diagram  (fig.  32)  by 
l.asche  graphically  oniiipares  the  reaulta  obtained  by  Tower,  Thurston, 
and  himself  in  so  far  as  they  cover  the  same  experimental  ground. 

Osborne  Reynolds  concluded  from  his  theoretical  investigation  of 
the  frictiou  of  lubricated  journals  that  if  the  viscosity  of  the  lubricant 
remained  constant  the  [notion  would  increase  proportioiwUy  to  the 
spood.  Owing,  however,  to  the  fact  that  the  heat  residting  from  the 
viscous  friction  of  the  lubricant  raises  the  temperature  of  the  whole 
of  the  bearing  above  that  of  the  atmosphere,  and  also  locally  raiseB 
the  temperature  of  the  oil  film  very  considerably,  the  viscosity  of 
the  lubricant  decreases  with  increafiiug  speed,  and  conaeq^uently  the 
friction  ii 


ntpid  rate  than  the  speed. 
The  eitenl  to  which  the 
visooeity  of  any  particular       m 
lubricant  decreases  with       | 
increase   of    temperature    hj 
depends,  of  course,  upon    '  ^ 
the  nature  of  the  oil,  the   J,g) 
rate  at  which  it  is  supplied  J;^ 
to  the  bearing,  and  the  *•  g 
rate  at  which  the  bearing 
iDoet)    heat   by    radiation 
and  conduolioti.      Hence 
different     cihservera,     ex- 
perimenting with  different 

oils  and  ditforoot  mnchiues,  have  obtained  results  which  have  not 
agreed  abmJutfily.  But  the  results  given  above  no  doubt  express 
the  facts  approiimately. 
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LUBRICATION   AND  LUBRICANTS. 


Diagram  fig.  33,  due  to  Lasche,  shows  tbe  work  required  to  over- 
come frictiou  in  relation  to  tbe  bearing  temperatiire.  It  is  seen  that 
^le  friction  diminished  with  rise  of  temperature  of  the  bearing  and 
oil  up  to  about  1 15"  C,  and  tliat  beyond  this  the  friction  increased 
again  rapidly.  The  oil,  in  Fact,  became  so  thin  that  it  ceased  to 
lubricate. 

Pressure  of  the  Oil  Film. — By  meana  of  a  pressure  gaiigc  nnd  of 
holes  drilled  in  the  braases,  Tower  was  able  to  measure  the  pressure 
of  the  oil  film  at  ^-arious  points  of  the  surface. 

Fig.  34  shows  the  exact  curve  of  pressure  calculated  by  Osborne 
Reynolds  under  conditions  correspouding  very  slosely  with  those  in 


" 

'-I 

P 

/ 

^ 

■*^ 

1 

1/ 

, 

^ 

V 

s 

J 

» 

p 

Ji,„ 

An 

-/* 

"-I 

I 


Fio.  34.  Flo.  35,  Fio.  38. 

one  of  Tower's  experiments,  in  which,  by  means  of  a  pressure  gauge, 
he  actually  measured  the  pressure  of  the  oil  at  several  points  in  the 
film.  The  olwerved  pressures  as  plotted  by  Tower  are  shown  in  figs. 
36  and  36.  In  this  experiment,  when  the  Iwid  was  100  lbs.  per  square 
inch,  and  the  temperature  was  70"  F.,  the  thickiiCKs  of  the  film  at 
various  points  must,  according  to  Osbonie  Reynolds,  have  been  aa 
follows ; — 

Radius  of  brass  -  radius  of  journal  =    "00077  in.  J 

E.Fi  (point  of  nearest  approach)     =-000375  „  ■ 

Angle  OJF  =48°.  ■ 

Tbe  possible  motion  of  the  fluid  in  a  direction  at  right  angles 
to  that  of  the  motion  and  parallel  with  the  axis  of  the  journal 
has  not  yet  been  referred  to.  In  practice,  the  length  of  brasses  is 
necessarily  limited,  and  the  oil  can  os^y|terftlly.    Such  an  eeoap^ 
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80  LtJBBICATION   AND   LU6KICAKTS. 

wfll  obTioiisly  prevent  the  pressure  of  tbe  oil  film  from  reacliii  _ 
its  fall  height,  except  at  considerable  distances  from  tbe  ends  of  tba 
brass,  and  will  catise  it  to  fall  to  Kero  at  the  eitreine  eiidi 

The  lubricant  does  not,  therefore,  all  flow  in  a  direction  piuallel 
with  the  direction  of  motion,  except  at  the  centre,  but  follow! 
paths  curved  from  the  centre  of  the  brass,  some  reaching  the  sides 
and  escaping. 

Tower  measured  the  pressure  at  several  points  along  the  brass  in  a 
line  through  0  (lig.  31),  and  found  it  to  follow  the  curves  of  presaiuv 
shown  in  fig.  35,  which  oorre«pood  to  those  which  might  be  expected 
to  result  from  an  escape  of  oil  at  the  free  ends. 

Inffueiiee  of  Vi'sratUj/. — Justas,owingtothefact  that  the  lubricating 
film  can  only  thicken  to  an  anient  depending  upon  the  difference 
between  the  radius  of  tbe  brass  and  tbal  of  the  journal,  the  frictional 
resistance  is  practically  independent  of  the  load,  so  the  frieiiori  of  a 
cyliwirical  joum'tt  ghoulil  be  proportional  to  the  vineosity  nf  ths 
lubricant. 

The  effects  of  viscosity  have  been  experimentally  determined  by 
Beauchamp  Tower  for  various  speeds  above  that  at  which  the  pressure 
film  is  fully  formed.  The  lubricant  used  was  lard  oil,  tbe  viscosity 
of  which  was  varied  by  heating  tbe  journal  and  brass.  The  viscosity 
of  the  lard  oil  used  was  not  specified,  but  Goodman  gives  its  probable 
comparative  values  at  the  temperatures  stated. 

Table  XII.  is  taken  from  Tower's  paper,  with  the  addition 
of  a  column  giving  the  comparative  viscosities.  The  eiperimentaL 
results  will  be  seen  to  be  entirely  in  agreement  with  theory,  th*' 
friction  at  each  speed  and  temperature  being  as  nearly  proportional' 
to  the  viscosity  ns  can  be  expected  when  tbe  experimental  difiicultiea 
to  be  overcome  are  Iwme  in  mind.  With  increasing  speed,  bowever, 
the  temperature  of  the  oil  film  is  raised  more  and  more  above  that  of  1 
the  metallic  surfaces,  and  the  friction  ceases  to  be  proportional  to  the. 
speed. 

In  the  experiments  on  the  pivot  bearing  it  was  pointed  out  that 
the  slight  disagreement  between  experiment  and  theory  might  be 
accounted  for  by  the  heating  of  the  tilm.  With  parallel  surfaces  the 
friction  varies  only  as  the  square  root  of  the  viscosity.  No  very 
marked  effect  was  therefore  to  be  anticipated  from  this  heating, 
especially  as  the  speeds  were  comparatively  low.  But  in  the  case  of  i 
a  journal  where  the  friction  is  proportional  to  the  viscosity,  tbe  effeot 
might  be  very  marked.  Indeed,  there  are  grounds  for  believing  tha^ , 
as  Osborne  Reynolds  contends,  the  reason  why  the  resistance  does< 
not,  in  the  case  of  a  journal,  iuureasc  at  a  rate  proportional  to  the 
speed  is  that  the  rapid  distortion  which  the  oil  suffers,  heats  it  and 
lowers  its  viscosity. 

Change  of  viscosity  also  baa  a  considerable  effect  upon  the  carrying 
power.  Table  XIII.,  by  Goodman,  shows  the  effeot  which  a  change 
in  tbe  viscosity,  brought  about  by  rise  of  temperature,  has  upon  the 
frictional  resistance  and  carrying  power  of  a  journal,  the  speed  being 
7-8  feet  per  minute. 

I  m.  d 
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TaBLB  XIII. — OfL-BATH   LUBEICATION. 
Speed,  IS  feet  per  minute. 
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Tlio  actual  visci^sities  at  the  temperatures  of  the  experimenta  were 
not  det^rmiiiod.  They  mnst,  however,  have  been  greatest  at  the 
lower  teiuperalurea,  and  vtee  iwnn.  Although  the  speed  is  low,  there 
is,  on  the  whole,  a  reduction  of  thu  friction  ob  the  temperature 
iiicreaeee,  wlien  the  loads  are  amall,  but  not  so  marked  a  chauge  as 
might  be  expectod.  It  will  also  be  noticed  that  tli£  greater  tke 
vitfimtij,  (As  •freater  llie  load  tehic/i  the  beariny  will  carry  mthout 
undut  frietitm  rrgtUting  from  the  failure  of  Ike  preisiire  fUni  to  form 
profierli/.  lu  thiH  table,  the  loikde  between  which  the  coefficient  of 
friction  has  a  miniuiim  %-alue  have  been  printed  in  heavy  type. 

The  rodiictioii  in  tlie  friotional  reaiatiuice  which  resulb)  from  the 
lowering  of  the  viBcnsity  by  the  heating  of  the  lubricating  film  is  by 
no  means  advnntagcous,  and  aceoiints  in  a  great  measure  for  the 
failure  of  hearings  to  cArry  heavy  loads  at  high  speeds.  The  iicating 
i»  inoHt  itevero  when  the  film  is  thinnest,  i.e.  at  the  point  E|F,,  fig.  30. 
Itoductsd  viscoaity  at  thin  point  greatly  lowers  the  carrying  power  of 
lh«  brtua.  Again,  if  from  any  cause  the  bearing  should  become  warm, 
mioeral  oils  become  very  lliiid  and  cease  to  lubricate  properly. 

Infiwnre  (if  th«  Arm  of  Bearing  Surface. — With  parallel  plane 
mirfacm  it  was  found  that  the  friction  does  not  increase  much  when 
the  area  i»  increased,  for  an  increase  of  area  brings  about  an  increase 
in  the  tliidmenn  of  the  film.  But  here  again  a  cylindrical  form  of 
bMuing  given  a  ditfcrent  result,  the  frictionul  reaisUince  being  more 
noorlj  proportional  to  the  area,  owing  to  the  fuct  that  when  the 
apeed  is  tncxlerutcly  high  the  film  has  n  fairly  cousiant  effective 
thiokneas  under  all  loads. 
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Table  \IV.,  giving  the  reeulta  of  som«  eiperimeuU  bj  Goodman, 
brings  lliia  out  very  clc&rly.  The  frictiona)  resistance  at  different 
ImuIh  does  not  vury  very  mucb.  On  tbe  other  hand,  the  long  narrow 
brass  oITcts  n  very  much  smaller  resistance  to  the  motion  of  the 
journal  than  does  tbe  brass  having  a  chord  of  contact  measuring 
2  iucbw.  The  area  of  the  surfaces  in  in  nil  cases  proportional  to  the 
length  uf  tbe  ore  of  contact  which  is  given  for  each  elio  of  brass.  If 
the  film  were  of  even  tliickneas  throwghoiit  the  length  of  the  arc,  tbe 
friction  would  be  simply  proportional  to  its  length.  The  film,  bow- 
ever,  is  much  thicker  on  the  'on  '  side,  where  the  lubricant  enters, 
than  it  is  nearer  tlie  centre  of  tbe  braas.  Tbe  resistance  offered  to 
the  motion  of  the  journal  by  those  [Kirtions  of  the  brass  respectively 
near  Ihc  '  ou  '  iind  '  off '  sides  are,  therefore,  less  than  the  friction  near 
the  middle  of  the  bearing,  and,  as  the  brass  is  cut  away  at  the  sides,  the 
thickness  of  the  tilm  is  also  very  slightly  reduced.  Tbe  reduction  of 
the  resistance  is,  therefore,  not  quite  proportional  to  the  reduction 
uf  the  area,  as  will  be  seen  by  comparing  the  lengths  of  tbe  arcs 
with  the  incsD  frictional  resiataucee.  A  closer  approximation  of 
the  obtained  results  with  theory  cannot  be  espected,  as  everything 
depends  upon  the  curvature  of  the  surfaces  remaining  unaltered 
during  the  experiments, 

/nifuCTii-e  0/  tlie  Method  of  Lubrication. — Aa  stated  on  p.  5G  the 
mcUiod  of  lubrication  has  a  much  greater  influence  on  the  friction  iit 
high  thaJi  at  low  speeds.  The  results  given  in  Tabic  XV.  byGooOman 
iUuatmte  this. 


length  of  Bearing,  4  Inches  ;  Speed,  122  Feet  per  Min 


2-12 

214 

M8 

3-88 

3-49 

2iO 

6-62 

5'80 

3-80 

Bath  or  *  perfect '  lubrication  is  obtained  by  allowing  tbe  under  aide 
of  the  jowmal  tn  dip  into  a  bath  of  the  lubricant,  (n  this  way  tbe 
iuunml  picks  up  and  tbrt^iws  against  tbe  brass  a  thick  iilm  of  oil,  and 
the  reault  is  'perfect  lubrication,'  i.e.  the  thickest  film  is  secured 
'hich  the  Iwuriug  uati  uutuuiaticully  maiutuin. 


S4  LUBRICATION    AND    LUBRICANTS. 

Pad  lubrication  ia  obtained  by  pressing  a  wonllon  or  felt  pad 
soaked  with  the  lubricant  against  the  joiimal.  When  the  pad  reate 
in  a  bath  of  the  luhricaat  and  is  kept  thoroughly  aoaked,  the  ret^ults 
obtained  are  not  greatly  inferior  to  those  given  by  the  bath.  When, 
however,  the  supply  of  oil  to  the  pad  is  deficient,  the  difference  is 
marked,  as  will  be  seen  from  the  results  given  in  the  table. 

Altemalini}  Pressures. — In  some  cases  the  loads  upon  bearings  are 
by  no  means  constant,  for  the  faces  often  alternately  approach  and 
recede  from  each  other.  WTien  this  is  the  case,  and  the  alterna- 
tion ia  very  rapid,  the  bearing  will  carry  a  very  great  weight,  for  at 
each  alternation  the  pressure  is  completely  relieved,  and  the  oil 
'  trapped '  cannot  bo  expelled  during  the  short  time  the  load  rcsta  on 
the  bearing.  The  large  ends  of  connecting  rods  may  be  instanced  as 
cases  in  point.  Here,  although  the  pin  ia  rapidly  rotating  in  the 
brasses,  the  load  frequently  reaches  several  tons  per  square  inch.  On 
the  small  end  brasses  the  load  may  be  oven  greater,  for  the  angular 
inovoment  of  the  brass  on  the  pin  is  only  small.  The  reason  why  the 
liibrieaut  cannot  escape  whilst  the  pressure  lasts  is  doubtless  that  the 
volume  of  oil  wliich  can  be  '  squeezed '  out  by  any  particular  load  is 
proportional  to  the  cube  of  the  thickness  of  the  film. 

Wear  of  Cylindrical  Bearing  BmeseB. — To  obtain  a  low  coefficient 
of  friction  when  the  l>eariug  stirfaees  are  cylindrical  in  form,  the 
radius  of  the  journal  must  be  rather  smaller  than  that  of  the  brass, 
so  as  to  leave  space  for  a  film  of  the  lubricant  to  insinuate  itself 
between  the  surfaces.  When  the  bearings  have  been  newly  and 
accurately  fitted  together,  the  friction  is  generally  liigh,  but  after 
they  have  been  at  work  for  some  time,  the  resistance  ia  found  to 
have  largely  decreased.  This  resulta  mainly  from  the  altered  shape 
of  the  brasses  consequent  on  wear.  The  exact  nature  of  the  wear 
which  takes  place  in  rubbing  surfaces  is,  therefore,  of  the  utmost 
importance,  for  upon  it  depends  very  largely  the  frictional  resistance 
of  the  bearing.  Un fortunately,  this  aspect  of  the  question  hoe  only 
received  a  very  small  amount  of  attention.  Indeed,  until  more 
evidence  ia  forthcoming  concerning  the  results  of  wear,  we  have  no 
guorautee  that  the  friction  is  really  independent  of  the  load ;  for 
there  is  every  reason  to  believe  that  upon  the  load  largely  depends 
the  shape  the  surfaces  assume  from  wear.  Thus,  although  when 
the  surfaces  have  arrived  at  a  certain  shape,  rapid  changes  of  load  do 
not  alter  the  frictional  resistance,  it  is  not  unlikely  that  for  each 
load,  if  it  act  for  any  length  of  time,  there  is  a  different  curve  of 
brass,  and  therefore  a  different  frictional  resistance. 

As  Ht  high  speeds  the  oil  film  is  practically  continuous  and  keeps 
the  surfaces  quite  apart,  such  wear  as  then  occurs  must  result  from 
the  intrusion  of  solid  particles  rather  larger  in  diameter  than  the 
thickness  of  the  lubricating  film.  But,  doubtless,  the  chief  wear 
takes  place  at  low  speeds  when  the  surfaces  are  in  contact.  Actual 
abrasion  then  occurs. 

When  moving  very  slowly,  the  brass  actually  touches  I 
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tX  EjF  (fig.  30),  or  ereii  ou  the  'on'  side  of  O  (fig.  31),  but  at 
onlinur^  speeds  the  liijtiid  is  medged  bctweeu  tlic  siirfaui^s  aud  keepij 
ihem  npart  on  this  side.  Tbiia  thv  wear  is  almnet  wholly  on  tlia 
'olf'  aido,  where,  oicept  at  considerable  Bpocds,  the  surTacea  touch. 
Mid  the  bnaaea  when  not  very  narrow  are  woni  to  a  larger  radius 
Ihiui  tliat  of  the  juurual.  AVhen  thu  jomnal  is  not  in  miitioii,  the 
point  of  ccnitoct  will  be  ut  U  ;  coiiseqneiitlj,  as  the  speed  clianges,  the 
pmitioo  of  obmsion  will  sJso  chaoge.  The  action  is  the  same  whether 
the  brass  bo  lubricat«l  by  a.  siphon  supplying  oil  to  the  crown  of  the 
besiring,  or  by  a  pad  beneath  the  journal.  However,  when  the  chord 
uf  tlic  arc  ooTored  by  the  brass  is  small,  the  wear  tends  to  bewme 
more  evenly  distributed  over  the  whole  bearing  surface.  Even  then 
tlte  wear  tenda  \a  make  the  radius  of  the  brass  larger  than  that  of 
the  jounial,  and  thus  renders  efficient  lubrication  possible. 

[n  the  case  of  railway  journals  and  brasses,  the  wear  is  sometimes 
ou  one  aide  of  the  brass  and  aometimes  on  the  other,  according  as 
the  direction  of  motion  of  the  vehicle  changes ;  but  when  the  sliaft 
or  joiimn]  always  rotates  in  the  same  direction,  the  wear  is  always 
nn  the  same  side-  This  one-sided  wear  often  disturbs  the  adjustment 
of  mechanical  oil-testing  machines,  and  effects  arising  from  this 
cause  should  always  be  looked  for. 

Air  as  a  Lubricant. — The  action  of  a  lubricant  in  a  journal 
bearing  has  been  ingeniously  illustrated  in  a  mauhine  designed  by 
frof.  A.  Kingsbnry.'  The  following  description  is  taken  from  the 
(Jhfmv-tU  Trad^  Jouifiat,  vol.  ixvi.  p.  232  :— 

The  machine  consists  of  a  steel  piston  or  short  abaft  to  be  rotated, 
and  a  cast-iron  ring  or  cylinder  which  act«  as  a  bearing  for  the  shaft, 
the  whole  being  supported  on  rollera  mounted  on  a  suitable  frame. 
The  shaft  weighs  OOJ  lbs.,  is  6^  inches  long  and  6  inches  in  diameter, 
and  ita  weight  oonstitutes  the  total  downward  pressure  on  the 
bearing.  The  diameter  of  the  cylinder  is  slightly  less  than  ^aav  ^^^ 
htrger  than  the  shaft — a  fairly  loose  tit.  Both  cylinder  and  shaft  are 
ground  exactly  parallel. 

The  cylinder  in  set  horizontally,  the  shaft  inserted  (both  being 
perfectly  clean  and  dry),  and  rotated  with  the  hand  by  the  handle 
at  tlio  end.  It  can  be  turned  with  diHiciilty  at  first,  and  the  harsh, 
grating  sound  of  metal  rubbing  on  mebtl  will  bo  heard.  With  an 
iucrwse  of  speed,  however,  this  grating  ceases  and  the  force  required 
to  Uim  the  shaft  is  materially  decreased  until,  after  a  few  revolutious, 
tim  ihaft  heoomos  entirely  free  from  the  cylinder  and  rotates  ou  the 
film  of  air  between.  Set  rotating  at,  say,  500  revolutions  per  minute, 
it  will  continue  to  rotate  four  or  five  minutes.  If  allowed  to  run,  the 
speed  gradually  decreases  from  the  start  until,  suddenly,  the  piston 
brtidcs  through  the  intervening  layer  of  air,  and  a  few  more  rerolu- 
liona  HulGee  t*i  bring  it  to  a  sudden  stop.  If  a  more  conclusive  proof 
is  rciiuirod  tliat  the  shaft  is  entirely  separated  from  the  cylinder,  an 
olectric  bell  may  be  included  in  a  circuit  of  whioh  the  shaft  is  made 
'  Jour.  Airur.  Hoc.  Naval  Sagiincrt,  lit7.  ^^^^t 
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one  terminal  and  the  cylinder  the  other,  when  it  will  be  Sound  that 
the  bell  is  silent  so  long  as  the  shaft  rotAtes  at  any  considerable  speed. 
It  is  interesting  to  not«  that  with  this  machine  Kingsbury  found  the 
minimnm  coefficient  of  friction  of  the  jonmal  Inbricated  by  air  to 
be  0-00075,  which  ia  nearly  the  same  minimum  coefficient  as  he 
observed  with  oil  as  a  lubricant  when  the  lubricating  film  was  perfect 
(see  p.  364). 

Ball  and  Roller  Bearings. — Uf  late  years  ball  and  roller  bearings 
have  coiue  into  very  extensive  use,  having  Iwen  found  very  suitable 
for  slow  stopping  trains,  motor-cars,  cycles,  dynamos,  and  other 
machines  the  bearings  of  which  have  to  carry  moderate  loads. 

One  of  the  early  forms  of  ball-bearing  known  as  the  '  Uudge '  was 
experimented  upon  by  Goodman.  The  results  of  his  experiments  are 
given  in  Tables  XVI.  and  XVII.     The  results  with  the  white  '  neutral ' 


Tabu:  XVI.^Rudoc  Ball  Beasinq. 


'Nedtkal'  Oil, 


Speed,  SW  EiTolulion*    | 

porMtoato.           1 

pirUii 

per  Mi 

ofFTictton. 

FrietloMl     Q„ 

fflclent 
TicUon. 

Frtotlonil 

CosffliMeiit 
o(  FHetloB. 

FrlLtioMl 
Lhl. 

10 

■0060 

•06 

■0105 

■10 

■0105 

■10 

so 

■0046 

■09 

■0067 

■13 

■0120 

■24 

30 

■0050 

■15 

0050 

■16 

•0110 

■33 

40 

■006E 

■21 

■0052 

■SI 

■0087 

-39 

50 

■0064 

■87 

■0054 

.27 

■0090 

•46 

60 

■0050 

■30 

0055 

■33 

■0076 

■46 

70 

■0049 

■34 

■0064 

■38 

■0068 

■47 

BO 

■0048 

■38 

■0062 

■49 

■0060 

■48 

90 

-0060 

■45 

0068 

■6f 

■0060 

•64 

100 

■0058 

■58 

0069 

■0057 

■57 

no 

■0054 

■59 

0066 

■71 

■0060 

■66 

120 

■0056 

■66 

0075 

■90 

■0067 

■68 

130 

■0068 

■78 

0078 

1-01 

■0062 

■81 

140 

■O0B6 

•78 

0077 

1^08 

•0060 

■84 

150 

■0060 

■90 

0083 

1-24 

■006S 

■93 

160 

■0075 

1-20 

tMMl 

■O058 

93 

170 

-0079 

1-34 

■0078 

■0056 

■93 

180 

■0079 

149 

0078 

1-40 

■0063 

■95 

190 

■0087 

1-65 

■0076 

1-44 

■0064 

1^03 

£00 

-0090 

1-80 

W81 

1-63 

■0060 

1-ao 

Mean 

■0060 

■0070 

■0071 

oil  are  rather  irregular,  but  their  average  clearly  shows  that,  as  with 
the  pale  American  oil,  the  coefficient  of  friction  varies  very  little  with 
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nodentle   IoiuIb  ;   tbe    frictioDal  reEistance,  therefore,  varies  almost 
lilrti-tly  na  the  load. 

To  ascertain  the  effecta  of  viscosity,  the  bearing  was  heiited  by  a 
Riiii&en  gaa-bunier  from  20°  to  60'  C,  but  no  difference  could  be 
detected  in  the  fnution.  The  experiment  was  repeated  with  different 
lubricunts,  loads,  and  ^-clooitieB,  with  the  same  negative  results.  In 
the  cose  of  ball  bearings,  a  lubricant  only  altera  the  area  in  contact 
over  which  slip  takes  place,  and  although  it  doea  not  decrease  the 
friction  it  prevents  undue  we«r,  and  prolongs  the  life  of  the  hearing. 

Table  XVII.— Rci>oe  Ball  Bkabinq.     Pale  Ameeican  Oil. 


Speed.  IS  He>olnlloDi 

l»it 

p>rU 

V^' 

Cotadeot 

rrioUonil 

FMoUon. 

Llw.      ■ 

Frioti™. 

Lh.. 

10 

■0075 

■07 

■0060 

■06 

so 

■0076 

■16 

■0075 

-16 

40 

■0071 

■S8 

■0076 

■30 

6H 

■0070 

■42 

■0(175 

■46 

80 

■riOTl 

■67 

■0071 

■67 

100 

■0073 

■73 

■0072 

■72 

ISO 

■0071 

■86 

■0069 

■83 

140 

■0072 

1^01 

■0067 

■94 

190 

■0072 

116 

■0066 

1^06 

180 

-0072 

1-30 

■0066 

1^19 

SOO 

■0073 

1-46 

■0066 

1-Zi 

Mean 

•0073 

■0068 

From  thette  experimcuts  the  following  laws,  therefore,  are  de- 
ducible : — 

1.  The  coefficient  of  friction  is  nearly  constant   for  all  ordinary 

loads;  benoe,  unlike  lubricated  cylindrical  bearings,  the  fric- 
tional  resbt«iice  varies  directly  as  tbe  load. 

2,  The  friction  is  ntiafTccted  by  change  of  temperature,  and  there- 

fore by  mixlerate  changes  in  the  viscosity  of  the  luliriciint. 

The  coefficient  of  friction  of  ball  bearings  at  high  apooda  is  rather 
higher  tlian  that  of  ordinary  bearings  when  bath  or  saturated  pad 
lubricatiuii  is  used,  but  is  less  than  the  frictiou  of  ordinary  brasses 
when  the  hitter  are  lubricated  by  less  perfect  methods.  The  friction 
of  ball  and  roller  bearings  is  also  small  at  very  low  speeds  and  with 
•mall  loads,  much  smaller  indeed  than  could  be  obtained  with  ordinary 
boarings  at  sach  speeds,  even  by  liatli  lubriculiun. 

Otring  to  their  small  friotional  resiBtauoe  roller  bearings  have  lately 
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been  tried  and  have  given  very  favourable  reaulte  on  electric  railw&jSi 
trams,  aod  motor-cars. 

Bailey  MarahalP  states  that  on  railway  vehicles  the  starting 
efiTort  is,  in  many  cases,  as  low  as  3  lbs.  per  ton,  a  figure  which  com- 
pares favourably  with  the  friotional  resistances  of  ordinary  bearings 
at  high  speeds  when  well  lubricated  ;  but  it  seems  doubtful  whether 
roller  bearings  will,  when  used  for  such  high  speeds,  give  better 
results  than  brasses  of  the  ordinary  design. 

In  the  case  of  ball  bearings  the  design  should  be  such  that  the 
lubricant  used  can  escape  readily  on  each  side  of  the  balls  as  they  roll 
in  their  races ;  with  rollers,  however,  the  lubricant  must  be  pushed 
along  in  front  of  them.  On  this  account,  the  viscosity  of  the  lubricant 
used  must  have  an  appreciable  effect  upon  the  friction  in  the  latter  case. 

In  a  paper  read  before  the  Tramways  and  Light  Railways  Associa- 
tion in  October  1905,  by  Thomas  W.  How,  the  author  deals  with  the 
requirements  of  a  satisfactory  roller  bearing  for  heavy  and  light 
loads,  the  efficiency  of  which  Utgely  depends  upon  true  parallelism, 
profier  spacing,  and  proportionate  diameter,  length,  and  hardness  of 
the  rollers.  He  gives  examples  of  various  contrivances  for  spacing 
the  rollers,  regarding  the  '  Empire '  floating  cage  as  the  most 
satisfactory,  owing  to  ite  simplicity  and  easy  adjustment ;  and  he 
advocates  the  employment  of  solid  rollers  of  special  st«el  rather  than 
of  spiral  or  hollow  ones,  or  rollers  threaded  on  spindles.  The  want 
of  success  of  earlier  experiments  made  with  roller  bearings  is  attri- 
buted to  causes  now  well  understood  and  avoided,  such  as  excessive 
rigidity  and  improper  load  adjustment,  these  being  now  obviated  by 
means  of  swivel  seatings,  so  that  the  alignment  of  the  load  is  evenly 
distributed,  and  several  examples  are  given  of  the  successful  applica- 
tion of  roller  bearings  to  railway  and  tramway  stock. 

The  relative  friction  of  ball,  roller,  and  plain  bearings  was  in- 
vestigated some  years  ago  in  Germany  by  Stribeck,  a  summary  of 
whose  chief  results  is  given  in  the  paper  by  H.  Hess  referred  to  in 
Chapter  X.,  p.  426,  where  further  information  on  the  subject  of 
ball  and  roller  bearings  will  be  found. 

'  Rolltr  Biaringa  (punphlet).     London,  1897. 


CHAl^TEH  V. 


t  B0UKCK8,   PREPARATION,   AND   CUIEK    PROPERTIES, 

1.UHIUC4NTS  are.  with  (ew  exceptioua,  fluid  or  semi-fluid  mil)Staii';es, 
CAjiable  of  furtuiug  aiid  umiiiULiuing  between  Friutioii  Hurfaces  filaa  of 
siiHicient  thickneHa  to  k«op  the  enrfacea  apart,  thus  abolishing  the 
solid  friction  and  substituting  for  it  the  much  lees  coneiderable 
frictiou  of  the  fluid  iteelf.  The  substuDces  which  poHsesa  in  the 
highest  degree  the  neceeaaty  propeilies  belong  to  the  class  of  bodies 
knowii  Hs  liied  oils  and  fats.  Until  the  latter  half  of  the  present 
century  lubricatiug  oils  were  almost  exclusively  derived  from  the 
anim&l  And  vegetable  kingdoms,  though  cart-grease  had  been  prepared 
from  petroleum  in  tialicia  from  a  very  early  period  (liedwood),  while 
Rsjly  in  the  preseut  century  the  advantages  of  petroleum  as  a  lubri- 
cant free  from  'gumming'  properties  were  sufficiently  well  known  to 
lead  Ui  its  more  general  use  in  places  where  it  could  be  obtained. 
The  rise  and  development  of  the  modern  petroleum  and  shale  oil 
industries,  utimulatcd  by  the  increased  demand  for  lubricants  duo  to 
the  iutrodiiction  of  railways  and  the  extended  use  of  machinery,  has 
led  Ui  the  production  of  immense  quantities  of  lubricating  oils,  which, 
Ijesides  largely  augmenting  the  general  supply,  faave,  owing  to  their 
cheapncHS  and  other  advantages,  displaced  to  a  great  extent  the  older 
lubricants.  We  slmll,  therefore,  commence  with  a  description  of  this 
olnsa  of  oils,  which,  lieing  derived  from  mineral  sources,  have  received 
the  uame  of 

A.— MINERAL  OILS. 

[.  Sources. 

(n)  Petroleum.— Crude  petroleum  is  a  highly  coraploi  liquid 
product  which  is  found  very  abundantly  in  I'arioua  parts  of  the  world, 
either  issuing  uattirally  from  the  ground  or  reached  by  boring.  Its 
is  not  limits  to  any  particular  country,  continent,  or 
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geological  fonnatioo,  but  by  far  the  greater  volume  is  obtained  in 
the  Unit«d  States  of  America  and  in  the  neighbourhood  of  Baku  in 
the  Caucasus  (Russia). 

The  following  tabular  statement  prepared  by  Redwood  and  East- 
lake  given  the  world's  production  of  crude  petroleum  in  imperial 
gallons  for  the  year  1904  :— 

World's  Pbodcctioit  or  Pctbolbdm  job  1904,  in  Ivpekial  Gu.i.ohb. 


CooMiT. 

tiomllt)-. 

wr 

UNITED  STATES- 

CaOfornia,               .     1,037,439.620 
Lima-Indiana  field,        863,879,461 
Texas,                             778,231,491 
Kansas,    .                        148,735,609 
Loniuana,                       102,920,641 
Indian  and  Oklahoma 

Temtoriea  .                 47,822,787 

Colorado,                            7,558.789 

Wyoming,       .                      403,858 

Misaoori,^                               89,996 

4,096,072|5ir 

4,096.073,511 
2,716,415,406 

260,312,018 
215,796,231 
120,829,004 

&3'549I 

RU8SU— 

Baku  field,              .    2,554,034,653 
Grozni  fieH,    .               162,380,763 

2,716,415,406 

36-6125 

EASTERN  ARCHIPELAGO- 

Sunuitra,^                        186,322,815 
Java,'                               30,381,990 
Borneo,*  .                         63,607,213 

280,212,018 

3-6632 
2-831 1 
1-1)972 

OALIOIA, 

ROUMANIA.      . 

Carry  forward. 

7,438,326,170 

97-2431 

'  The  Appalachiui  field  comprius  New  York,  Fenusylvania.  West  Tiigioia, 
South-eastern  Ohio.  Kentucky,  and  TenDtnaee. 
'  Includes  Ihfl  production  of  Jlieliigun. 
*  Estimated, 
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World's  Production  op  Pktroleum  for  1904,  in  Imperial  Gallons— 

continued. 


Country. 

Qtumtity. 

Percentage 
ofT^tid. 

INDIA 

Brought  forward, . 

7,438,325,170 

97-2431 

Burma,    . 
AsBam, 
Punjab,   . 

JAPAN, 

116,903,804 

2,586,920 

1,658 

118,491,382 
49,606,679 

1-5490 
•6485 

118,491,382 

•                 •                             •  •  • 

GERMANY- 

Hanover, 
Elsass, 

CANADA,    . 

16,666,691 
5,392,988 

21,949,679 
17,237,220 

-2869 
-2263 

21,949,679 

•                 •                             •  •  • 

PERU, 

•                 •                             •  •  • 

1,732,848 

-0226 

ITALY,        . 

•                             •  •  • 

976,371 

•0127 

HUNGARY,^ 

•                 •                             •  •  • 

Total 

867,351 

•0112 

7,649,176,600 

99-9993 

^  Estimated. 

The  most  important  commercial  product  obtained  from  the  crude 
petroleum  of  the  older  oilfields  of  the  United  States  is  illuminating 
oil  or  kerosene,  only  a  comparatively  small  percentage  of  the  raw 
material  being  represented  by  lubricating  oil,  but  the  crude  oils  of 
California  and  Texas  are  of  lower  volatility  and  are  largely  used  as 
liquid  fuel.  For  the  year  1904  the  total  exports  of  illuminating  oil 
from  the  United  States  amounted  to  761,358,155  American  gallons, 
and  of  lubricating  oil  and  paraffin  to  89,688,123  American  gallons. 
The  exports  of  illuminating  oil  from  the  United  States  to  the  United 
Kingdom  for  the  fiscal  year  1904  amounted  to  165,248,727  American 
gallons,  and  of  lubricating  oils  to  33,890,901  American  gallons. 

Russian  petroleum  yields  a  comparatively  small  percentage  of 
illuminating  oil,  the  residuum  or  ostatki,  so  largely  used  as  fuel, 
representing  about  two-thirds  of  the  crude  oil.  A  small  portion  of 
this  ostatki  is  distilled,  and  lubricating  oils  are  thus  obtained,  but 
the  Russian  petroleum  business  is  primarily  a  liquid  fuel  industry. 
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Cnido  Atnerican  petroleum  varies  very  much  in  character  in 
different  districts,  ranging  in  colour  from  pale  amber  to  dfirk  greenish- 
or  brownish-black,  and  in  specific  gravity  from  about  0'V8  to  094 
(Ho/er).  Some  oils  are  highly  limpid,  and  are  compoaed  for  the 
must  part  of  the  lighter  hydrocarbons  suitable  for  burning  iu  lamps ; 
others  contain  a  large  proportion  of  lubricating  hydrocarbons. 
A  few  cnide  oils  can  be  used  for  lubricating  almost  without  treat- 
ment (see  '  Natural  Oils ').  Most  of  the  crude  petroleum  obtained 
in  tLe  United  States  is  distilled  for  illuminating  oil  and  naphtha, 
only  the  still  residues  ('  rcsidunm ')  being  worked  up  into  lubricating 
oils  and  paraffin  wax ;  but  there  are  sonic  heavy  oils  which,  being  chieSy 
valuable  for  the  manufacture  of  lubricating  oil,  are  treated  separately. 
Hesearohes  too  numerous  to  mention  have  shown  that  Americiin 
petroleum  is  composed  mainly  of  hydrocarbons  of  the  paraffin  serieB, 
CbHj„4.2,  with  smaller  quantities  of  naphthenes,  and  of  benzene  and 
its  derivatives.  Traces  of  sulphur  are  met  with  in  moat  petroleum, 
also  oxygenated  bodies  of  acid  and  phenolic  character,  and  variable 
traces  of  mineral  matter. 

Caiiadian  petroleum  resembles  the  oil  of  Lima  (Ohio)  in  having 
an  offensive  cdour  and  containing  a.  notable  proportion  of  sulphur. 
The  production  is  comparatively  small,  and  the  oil  is  relined  for 
home  consumption. 

Crude  Caucagian  petroleum  is,  in  many  respects,  specially  intereal- 
ing :  in  the  antiquity  of  historical  references  to  it ;  in  the  compara- 
tively email  area  within  which  the  supply  is  obtained  -  in  the  extra- 
ordinary productiveness  of  the  wells,  and  in  the  peculiar  character 
of  the  hydrocarbons  of  which  the  oil  is  mainly  composed.  According 
to  the  researches  of  Markownlkoff  and  Ogtoblin,  and  others,  at  least 
80  per  cent,  of  crude  Baku  petroleum  consists  of  hydrocarbons  of  the 
naphthene  series,  CnH^n,  isomeric  with  the  olefines,  but  diftering  from 
them  in  not  combining  directly  with  bromine.  Naphthenes  are 
closed-chain  hydrocarbons,  also  known  as  polymetbylenea,  one  of  the 
most  important  being  hexamethylene  or  hexhydrobenitene,  C^H[.„ 
which  has  been  obtained  in  lai^e  quantity  from  Kusaian  and  in 
small  quantity  from  American  petroleum.'  Kussian  petroleum 
also  contains  parafliua  and  a  considerable  quantity  of  aromatic 
hydrocarbons. 

Caucasian  petroleum  ia  more  uniform  in  composition  than  the 
American  product.  It  usually  ranges  iu  specific  gravity  from  0"850 
to  0'S75;  yields  a  larger  proportion  of  lubricating  oil,  less  illumiuat- 
ing  oil  and  less  naphtha  than  American  petroleum,  but  no  paraffin 
wax.  Owing  to  the  almost  entire  absence  of  solid  hydrocarbons, 
Russian  lubricating  oils  will  bear  exposure  to  a  much  lower  temperature 
than  American  oils  without  solidifying. 

Oalician  petroleum  is  stated  by  Kedwood  to  have  been  collected 

in  a  primitive  fashion  and  used  as  a  cart-greafle  from  very  early  times. 

The  Galician  oilfields  are  very  extensive,  and  produce  oils  of  very 

'  Yuimg,  J'uur.  Cluin.  Sue.  18ti8,  Trftnsuctioua,  p.  906. 
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varied  chiuacter,  both  light  and  heavy.  Crude  Gslician  petroleum 
is  composed  cbicily  of  hydrocarbons  of  the  paraffiu  eeries.  According 
to  Dr.  Vouiig,  it  ouiitains  more  tiapbtheiies  and  aromatic  hydro- 
carbnus  than  American,  hut  probably  less  than  Russian  petroleum. 
It  yields  55  to  65  per  cent,  of  huup  oil,  and  from  rtO  to  40  per  cent. 
of  residuum  from  which  liibricAtiiig  oHn  are  obtained.^ 

Froui  the  tabular  Btatement  already  refened  to  it  will  be  seen 
that  thr;  Eastern  Archipelago  now  occupies  an  important  poditinn 
among  the  i^iirces  of  the  world's  supplies  of  petroleum.  Much  of 
the  crude  oil  of  Sajnalra  contains  an  unusiinlly  large  proportion 
of  the  more  volatile  hydrocarbons,  which  are  separated  by  fractional 
diHUllaticm  aa  petroleum  spirit,  whilst  tliat  of  Java  is  characterized 
by  the  pretteiice  of  solid  hydrocarbons  (paraffin)  iu  large  quantity. 
The  crude  petroleum  of  Snrneo  hae  in  the  past  heeti  looked  upon  as 
H  heavy  oil,  chiefly  suited  for  use  as  fuel,  bxit  recently  a  lai^e 
production  has  been  obtained  at  Kotei  of  oils  yielding  the  usual 
cumtiiercial  product«,  and  the  oil  from  some  of  the  wells  contains 
much  solid  paralbn. 

The  petroleum  of  Upprr  Btimia  has  long  had  a  high  reputation  as 
n  source  of  lubricating  oil,  'Rangooti  oil'  having  been  originally 
niade  from  it,  The  petroleum  uidustry  of  Burma  has  for  some  time 
past  exhibited  rapid  growth,  and  the  markets  of  India  are  largely 
supplied  witli  the  products.  The  crude  oil  yields  only  a  moderate 
qiHUitity  nf  illumuiating  oil,  the  lubricating  oils  and  solid  paraflin 
being  important  products. 

The  production  of  Roumania  also  exhibits  rapid  progression,  and 
will  no  doubt  assume  still  greater  importance,  in  view  of  the  character 
of  the  oil-bearing  territory  and  its  geographical  position. 

(b)  Shale. — Although  by  far  the  greater  proportion  of  the  lubricat- 
ing oil  of  commerce  is  now  obtained  from  petroleum,  it  is  of  interest 
to  remember  that  shale  oils  were  the  first  to  be  produced  on  a  large 
scale  even  in  America.  Prior  to  the  boring  of  Drake's  well  in  1859, 
which  was  the  oommoncement  of  the  United  States  petroleum 
industry,  a  numlwr  of  worka  were  established  in  that  country  for 
the  production  of  oil  from  coal  and  shale,  and  Boghead  cannel  was 
oven  imported  from  Scotlaud  tor  the  purpose  ;  these  factories,  which 
wcirkod  under  licence  from  Dr.  James  Young,  the  founder  of  the 
SfottiHh  Shale  Oil  Induatry,  were  subsequently  converted  into 
petroleum  rcliiicries  {Re'lwoad).  Young's  lirat  patent  for  obtaining 
jmratfin  oil  from  bituminous  coal  was  taken  out  in  1850,  and  the 
mineral  which  he  used  was  Uoghoad  cannel.  a  rich  bituminous  mineral 
yielding  by  diatUlatiou  froui  1^0  to  130  gallons  of  oil  per  ton.  The 
■upply  of  tiib  mineral  soon  became  eihaual*d,  and  since  then  the 
Scotch  oil  ha»  liecn  produced  from  the  bituminous  nhales  of  the  cool 
ufiiaum.     The  manufnrliiro  of  iinraffin  oil  from  sliale  at  the  works  of 

'  Fnr  an  iiil«n»Ung  and  very  coni]'lote  locoiint  of  the  Qalioian  jwtroleiim 
ui]  laukcriEs  indtiitriJa,  ««  a  papn  liy  Rvdwood,  Jvar.  Ser,  Chem,  /nd,,  ISSS, 
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tfae  Broxburn  Oil  CompoDv  has  been  deticribed  by  D.  R.  St«tiftrt 
(/(wr.  Soe.  a^m.  Ind.,  1889,  pp.  100-109).  The  shale  ia  a.  dark 
grey  or  black  miuer&l  with  a  laminated  or  homy  fracture.  The 
greater  proportioii  (73  to  80  per  cent.)  oonaists  of  mineral  matter ;  the 
renuunder  (27  to  ^0  per  cent.)  is  bitttrHett,  composed  chiefly  of  csrbon 
and  hydrogen,  with  some  iiitrc^n  and  sulphur.  When  the  shale  h 
heated  to  a  very  low  red  heat  in  retorts,  this  bitumen  undergoes 
ilettruriive  dirtVlaiion,  splitting  up  into  water,  ammonia,  gas,  and 
oil.  Each  ton  of  shale  distilled  at  Broibum  yields  on  an  average 
30  gallons  of  crude  oil,  65  gallons  of  ammoniacal  water,  and  nearly 
3000  cubic  feet  of  penuanent  gas,  which  ia  used  for  lighting  the  works 
and  for  fuel. 

(e)  Cmde  Shale  Oil  is  dark  green  in  colour,  has  a  specifio  gravity  of 
0860  to  0890,  and  is  semi-solid  at  ordinary  temperatures  owing  to 
the  large  quantity  of  solid  paraffins  ('paraffin  wax')  contained  in  it. 
When  warmed  to  90*  or  100'  K,,  the  oil  l)ccomes  quite  fluid. 
Chemically,  it  is  composed  chiefly  of  hydrocarbons  of  the  paraffin  and 
oleline  series,  the  latt«r  predominating  in  the  fractions  used  ms  lubri- 
cating oil.  Naphthenes  and  aromatic  hydrocarbons  are  also  present 
in  large  quantity  (Heusler,  Jour.  ChetiK  Sor,,  1898,  Abstracts,  Part  I. 
p.  101). 

II.  Haimfacture. 

The  manufacture  of  lubricating  oils  from  crude  petroleum  and 
shale  oil  is  a  branch  of  a  very  ext«usiye  industry.  The  great 
variety  of  hydrocarbons  of  which  the  crude  oils  are  composed 
affords  material  for  the  manufacture  of  numerous  products.  The 
lightest  and  most  volatile  hydrocarbons  compose  Crude  Naphtha, 
from  whtcb  rhigolene,  gasoline,  benzoline,  petrol,  motor  spirit,  and 
similar  products  are  obtained.  These  liquids,  which  are  devoid  of  all 
lubricating  property,  form  highly  volatile  and  iuflamnutble  'spirits,' 
used  for  freezing,  driving  motors,  making  air  gaa,  carburetting  coal 
gas,  and  for  solvent  and  other  purposes.  Hydrocarbons  of  higher 
boiling-point  and  specific  gravity,  which  are  still  too  Suid  and  volatile 
to  be  used  for  lubricating,  compose  the  niuminating  Oils  of  commerce 
known  a.s  kerosene,  petroleum,  paraffin  oil,  etc.  The  heaviest  and 
least  volatile  hydrocarljons  are  alone  used  for  the  manufacture  of 
Lobricatiiig  Oili,  Paraffin  Wax,  and  Vaseline.  The  refiner's  business 
is  to  se|>anit«  the  various  products  from  the  crude  oil  and  purify  them 
for  use,  and  this  he  docs  by  distillation  and  chemical  treatment. 

Tile  valne  of  distillation  depends  upoii  the  fact  that  the  different 
constituents  of  the  erode  oil  boil  and  volatilise  at  different  tempera- 
tures, the  naphtha  coming  over  first,  then  the  illuminating  oils,  then 
some  '  intermediate '  oils  used  for  gas-making,  or  destructively  distilled 
so  as  to  increase  the  quantity  of  illuminatiTig  oil  (see  below),  leaving 
the  heaviest  hydrocarbons,  unless  the  distillation  is  continued  to 
dryness,  as  a  residue  or  Besidaum  in  the  still.     By  separate  f 
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tiotuLl  distillaUoo,  the  naphtha  is  subiteqiiently  split  up  into  gasoliiic, 
bonxoline^  etc.,  the  crude  iUtiminating  oil  mto  products  of  difTorent 
specitic  gravities  and  fljisiiing-poiiits,  aiid  the  residuum  into  lubricatiug 
oils  of  various  grades  and  paraffin  wax. 

!n  pmctioe,  however,  the  distillation,  espepially  of  the  heavier 
fmcLiuns,  is  never  a  siuiple  process  of  separation,  as  is  proved  by  the 
fact  that  products  an?  foimd  in  the  distillates  which  do  not  ecist  ill 
the  original  litjiiid.  During  the  distillation  the  heavier  hydrocarbon 
vapours  partly  condense  on  the  upper  and  cooler  part  of  the  still  and 
fall  back  iuto  the  boiling  liquid,  while,  in  distilling  the  heavy  oil, 
the  boiling  lia.!i  to  bo  very  vigorous  to  keep  up  the  elreain  of  vapour 
issuing  from  the  retort,  which  necessitates  a  strong  fire  and  a  high 
tempentturc  at  the  Iwttom  and  sides  of  the  retort.'  The  prolonged 
and  cjcesaivc  heating  to  which  the  heavier  hydrocarbons  are  thus 
subjected  gradually  splits  thctn  up,  paitly  into  permanent  gases 
(manh  gas  and  liydrogen),  partly  into  li(]uid  hydrocarbons  of  lower 
builing-puutt  and  viscosity,  which  distil  over,  and  partly  into  tarry 
pmluclk  which  remain  in  the  still.  It  has  been  found,  in  fact, 
that  by  setting  the  still  BO  that  the  upper  part  is  kept  cool, 
and  conducting  the  distillation  slowly  in  order  to  promote  con- 
densation, or  by  distilling  under  increased  pressure  and  so  raising 
the  boiling  lempereture  of  the  liquid,  the  defltructiTe  difitillation 
or  '  cncktng '  of  the  heavier  hydrocarbons  may  be  promoted 
Ui  such  nn  extent  aa  to  largely  increase  the  natural  yield  of 
illuminating  oil  at  the  expense  of  the  heavier  fractions.  Large 
quantities  of  crude  petroleum,  in  which  the  residuum  is  not  of 
special  vulue  for  the  preparation  of  lubricants,  are  distilled  in  this 
way  in  the  United  States,  the  illuminating  distillate  being  increased 
from  a  normal  proportion  of  alxiut  50  per  cent,  to  as  much  as  70 
or  7S  per  cent.,  and  the  residuum  reduced  to  as  little  as  6  per 
cent.  According  to  Steuart,  the  hydrocarbons  of  petroleum  are  more 
remlily  split  up  than  those  of  shale  oil,  and  in  Scotland  cracking 
for  the  [>roduclJon  of  illuminating  oil  is  not  practised.  A  certain 
•iDouiit  of  destructive  distillation  is,  however,  necessary  for  tlie 
production  of  the  paraffin  wax  which  is  such  an  important  product 
of  the  shale  oil  industry.  The  quantity  of  crystalline  wax  obtainable 
from  crude  shale  oil  by  direct  freezing  is  much  less  than  is  obtained 
by  freccing  the  dintillates  resulting  from  the  distillation  of  the  oil  in 
tiucli  a  way  an  tA  cause  pirtially  destructive  changes. 

tiestnictivc  distillation  which  is  so  valuable  in  increasing  the  yield 
nf  illuminating  oil  and  in  the  production  of  parafhn  wax  has  been 
found  to  be  mo«t  detrimental  to  the  quality  of  the  lubricating  oil, 
reducing  the  viscosity,  lowering  the  boiling-  and  flashing-points,  and 

'  StDUBTt  (Jo,ir.  So.'.  Clifui.  Ind.,  viii.  lOB)  hu  [lointrd  out  t)isl  wliiUt 
■rater  la  Yunoa  ci>ntKrt*d  into  BtMin  incntftsu  in  volume  17<)()  limrs,  burnitiR  oil 
lucnMM  l«m  tliaij  VOO  tiojua,  slid  Kmv;  uil  lens  Ihaii  100  tinius.  In  distilling  tlie 
liMry  oil  ■  great  duftl  liu,  thonrure,  tu  bo  ounvorted  into  TS|ioiir  1i«riirn  nnoiiKli  ia 
rumnd  to  raaeh  Um  point  of  nxil  IVom  tha  ttill,  aud  u  thr  B|iGuiKc  heiit  uF  thr 
njH'iir  <>  tow,  ll  is  auily  caiidenncd  niA  rolls  buck  into  tlin  bailing  liiguid. 
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tending  generally  to  the  production  of  an  inferior  product.  When, 
therefore,  the  primary  object  of  the  distillation  is  to  obtain  the  lubri- 
cating oil  with  its  viscosity,  chemical  stability,  and  other  valuable 
qualities  unimpaired,  every  care  is  taken  to  reduce  the  amount  of 
^ie^^n^ii^e  distillation  .to  a  minimum.  With  this  object  the  Steam 
Befining  Process  was  introduced  about  1870.  In  this  process,  which 
is  largely  used  in  the  manufacture  of  lubricating  oils  from  crude 
petroleum  and  petroleum  residuum,  a  current  of  steam  superheated  to 
the  required  temperature  (varying  from  160*  to  300'  C.)  is  blown 
through  the  oil  (luring  the  distillation,  by  which  means  the  hydro- 
carbon vapours,  instead  of  remaining  in  the  still  and  undergoing 
decomposition,  are  swept  rapidly  forward  into  the  condensing  worm. 
Further  improvements  have  been  effected,  especially  in  the  distillation 
of  the  heavier  hydrocarbons,  such  as  form  vaseline  and  cylinder  oils, 
by  conducting  the  distillation  in  a  partial  yacuum,  maintained  by 
means  of  an  exhaust  ejector  or  other  appliance  connected  to  the  end 
of  the  condensing  worm.  The  boiling  temperatures  of  the  hydro- 
carbons are  thus  lowered,  and  the  rapidity  of  the  distillation  is  much 
increased. 

In  addition  to  these  modifications  in  the  process  of  distillation,  the 
plant  has  also  been  improved.  The  thick-walled  cast-iron  stills  at 
first  employed,  in  which  the  proper  regulation  of  the  temperature  was 
impossible,  have  given  place  to  stills  of  wrought  iron  or  steel ;  the 
vertical  form  of  still  has  been  abandoned  in  favour  of  the  horizontal, 
so  as  to  increase  the  evaporating  surface,  and  the  stills  are  provided 
with  low  domes  or  short  goose  necks  in  order  to  still  further  diminish 
the  distance  traversed  by  the  heated  vapours.  The  result  of  all  these 
improvements  in  the  plant  and  processes  has  been  a  great  improve- 
ment in  the  quality  of  mineral  lubricating  oils,  to  which  must  be 
attributed  the  rapid  manner  in  which  their  use  has  extended  during 
recent  years. 

The  lubricating  oils  manufactured  from  crude  petroleum  in  the 
United  States  are  of  three  kinds,  viz. : — naturcUy  reduced^  and  dis- 
tilled  oils. 

(a)  Natural  Oils. — A  limited  quantity  of  crude  petroleum  is  found 
in  the  United  States  in  which  the  proportion  of  lubricating  hydro- 
carbons is  so  large  that  the  crude  oil  only  needs  purification  from 
suspended  and  tarry  impurities  by  settling,  straining,  or  filtering 
through  charcoal,  in  order  to  render  it  fit  for  use.  Lubricating  oils 
obtained  in  this  way  are  known  as  'natuml  oils,'  but  very  little  oil 
of  this  description  is  now  produced. 

{h)  Eeduced  Oils. — Crude  petroleum  rich  in  lubricating  oil,  but  too 
fluid  for  use  as  a  lubricant  without  treatment,  is  carefully  distilled 
with  steam  or  in  vacico,  so  as  to  avoid  cracking,  until  the  lighter 
hydrocarbons  have  been  driven  off.  The  distillation  is  then  stopped, 
and  the  dark-coloured  oil  remaining  in  the  still,  reduced  in  volume 
but  increased  in  viscosity,  is  known  as  '  reduced  oil.'  Such  oils  have 
considerable  lubricating  value,  and  are  largely  used  on  railways  and 
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for  heavy  machinery.  The  chief  ohjeclion  to  them  ii  the  tarry 
matter  which  they  contain,  which  sUiiiis  the  niachiueiy  and  paiut, 
and  interferes  with  the  free  Hipbooiug  of  the  oil.  lu  the  manufacture 
of  injlituifT  oil,  suitable  descriptions  of  petroleum  are  carefully  reduced 
at  as  low  a  temperature  &9  poesthle,  in  varuo ;  and  iot  jUtend  'i/linder 
oil  the  highly  riecous  residues  thus  obtained  are  repeatedly  filtered 
through  anioial  charcoal  kept  sufficiently  warm  to  maintain  the  oil 
fluid,  uutU  the  required  degree  of  transparency  is  obtained.  The 
reducing  process  is  not  always  carried  out  in  atUU ;  the  lighter  hydro- 
carbons are  sometimes  evaporated  by  exposing  the  oil  to  the  rays  of 
the  sun  in  shallow  tanks  containing  water  warmed  by  steam  coils,  the 
oil  floating  on  and  depositing  iX»  suspended  impurities  in  the  water. 
This  process  is  known  as  'sunning,'  and  the  product  as  'sunned  oil.'' 

(r)  Distilled  Oils.— These  oils  arc  obtained  from  residuum  Those 
produced  from  American  petroleum  usually  contain  paraflin  wax,  and 
are  known  as  'parajin  oils.'  The  Russian  oils  contain  little  or  DO 
parathn.  Distilled  oils  usually  undergo  treatment  with  tund  and 
alkali  by  which  they  are  partially  decolorized  and  made  transparent ; 
in  this  way  the  'pa/e  oilt'  are  produced. 

Residuum,  as  already  described,  is  the  tarry  residue  remaining  in 
the  crude-oil  stills  after  the  naphtha  and  illuminating  oils  have  been 
distilled  over  with  more  or  less  cracking.  As  a  rule,  the  distillation 
of  the  crude  oil  is  stopped  at  this  stage,  the  reaidunm  is  withdrawn 
from  the  titill  and,  after  standing  for  some  time  to  allow  the  Gne 
particles  of  coke  contained  iu  it  to  settle  out,  is  transferred  to  special 
stills  called  '  tar-stills,'  in  which  the  distillation  for  lubricating  oils  is 
conducted  with  superheated  steam,  or  in  raeuo,  generally  iu  separate 
factories  devoted  to  the  manufacture  of  hibricating  oil.  "rhe  residuum 
obtained  in  the  United  States  is  very  different,  both  in  quantity  and 
in  quality,  from  the  Russian  product.  By  cracking,  the  yield  of 
residuum  from  Pennaylvanian  petroleum  is  reduced  to  as  little  an 
6  to  10  per  cent.,  whilst  from  the  crude  oil  distilled  at  Baku  at  least 
60  per  cent,  of  residuum  is  obtained.  This  difference  in  the  yield  is 
not  entirely  due  to  the  different  character  of  the  crude  oil.  Crude 
Pennsylvanian  oil  distilled  without  cracking  will  give  from  20  to  30 
per  cent,  of  lubricattng  oil,  and  correspondingly  less  illuminating  oil. 
At  Baku,  tlie  residuum  called  by  the  Russians  '  ogtatki,'  and  by  the 
Tartan  '  maxiU,'  is  in  great  demand  for  fuel,  and  there  is  not  the  same 
inducement  to  reduce  the  yield  by  cracking  as  in  the  United  States. 

American  residuum  contains  a  variable  projmrtion  of  solid  hydro- 
carbons, and  varies  accordingly  both  in  consistency  and  in  specific 
gravity ;  it  is  the  source  of  all  the  paratRn  wax  obtained  in  the 
United  States.  On  the  other  hand,  the  Russian  ostatki  produced  at 
Baku  is  a  more  fluid  oil  having  a  im^ociMt^Mificgravity  of  0'90  to 
0-91,  and  containing  so  little  Bj>t#^fyid[Baal*tea^^p  yield  practi- 
cally no  paraffin  wai.^     Lu^^giitriig.  oil. of  .a. kind 7M^I(,een  mode  ii 
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the  United  States  by  simply  Bltering  the  residuum  through  f 
heatod  filters,  but  the  unstable  character  of  the  product  and  1 
accompanying  tarry  matters  unlit  it  for  any  but  the  i-oughesk^ 
purpoaee.  RuBeian  residuum  is  similarly  employed,  after  separation 
of  water  and  treatment  with  sulphuric  tioid.  But  the  usual  method 
is  to  ro6ne  the  oil  by  distillation  with  superheated  steam.  In  the 
United  States  the  distillation  is  carried  to  drynestt.  The  first  20  to 
25  per  cent  of  the  distillate  is  a  very  fluid  oil  of  about  0-834  sp.  gr., 
which  is  either  returned  to  the  crude  oil  tank  or  is  refined  as  a 
special  high  flash-point  burning  oil.  The  oil  that  follows  is  lubricat- 
ing oil,  and  contains  the  paraffin  wax ;  it  is  either  collected  all 
together  or  in  separate  fractions.  Just  at  the  end  of  the  proceaa, 
when  the  bottom  of  the  still  is  red  hot,  a  thick  resinous  product  of 
light  yellow  colour  aud  nearly  solid  consistency  distils  over,  which 
is  used  AS  a  lubricant  for  the  necks  of  rolls,'  or,  according  to  Sodtler, 
is  added  to  paraffin  oils  to  increase  the  density  and  lower  the  cold- 
test,  About  V2  per  cent,  of  coke  remains  in  the  retort,  which  is 
used  for  the  manufacture  of  electric  light  carbons.  The  paraffin  oil, 
it  ooliected  all  together,  is  washed  firet  with  acid  and  then  with 
alkali  and  is  then  reduced  in  temperature,  which  causes  the  paraffin 
to  crystallize.  The  semi-solid  mass  is  pumped  into  lilter-preBsea, 
and  the  solid  portion  afterwards  subjected  to  hydraulic  pressure, 
the  solid  crystalline  cake  which  remains  being  converted  into  refined 
paraffin  wax.  The  fluid  oil  which  drains  from  the  presses  is  carefully 
redistilled  and  collected  in  separate  fractions,  yielding  a  variety  of 
lubricating  oils  ranging  in  density  and  viscosity  from  the  lightest 
and  thinnest  spindle  oil  to  heavy  machine  oil  and  even  cylinder  oil, 
though  cylinder  oils  are  not  usually  made  from  residuum.  If  the 
paraffin  oil,  instead  of  being  collected  all  together,  is  fractionated  at 
the  first  distillation,  then  those  fractions  which  contain  the  wax  are 
separately  treated  for  its  recovery.  Thus,  according  to  Redwood, 
the  second  fraction  following  the  oil  of  0-834  sp.  gr.  {see  above)  may 
be  collected  so  as  to  have  a  sp,  gr,  of  0-860  -0-870,  and  may  amount 
tj>  25  per  cent,  of  the  original  residuum.  This  frootiou  may  be  sub- 
divided by  redistillation,  or  may  be  made  into  '  Neittrid  '  or  '  BloamleM ' 
oil  by  cooling  to  separate  the  paraffin,  filtering  through  bone-black 
to  remove  colour  and  odour,  and  exposing  to  the  sun  and  air  in 
shallow  tanks,  or  treating  with  nitric  acid  or  nitra-naph  thai  cue  or  in 
other  ways  to  remove  fluorescence  or  'bloom.'  'Neutml  oil'  has  a 
very  low  viscosity,  and  is  largely  used  for  the  adidteralion  of  animal 
and  vegetable  oils,  for  which  reason  it  is  dcbloomed  so  as  to  remove 
the  fluorescence  which  would  betray  its  presence.  The  distillate 
following  the  neutral  oil  ia  the  'stock '  for  engine  oil,  and  the  per- 
centage is  determined  (with  a  corresponding  inverse  variation  in  the 
proportion  of  the  second  fraction)  by  the  \iBe  to  which  the  product 
is  to  be  put.  For  heavy  machine  oil  the  proportion  is  reduced, 
80  that  a  distillate  of  sp,  gr.  0-928  to  0'933  may  be  obtained,  and 

'  Jour.  Soe.  Chtm.  Ind.,  lifi,  p.  142,  ■ 
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atUsT  tbe  parattiu  has  beon  saparuted  the  viscoeitj  is  aonietitues 
atlll  further  increased  by  distilling  off  some  of  tlic  tnoro  volatile 
constituents  by  muaoH  of  xiiperlieaUvd  H(«am  ttiid  filtering  tho 
'  tedaced  '  nil  thnin)rh  chAnxial. 

Previous  to  tbe  chemical  troutmctit  of  Ihc  lubricating  oil  dislilUteB, 
tUej  are  freed  from  mechanically  niiied  wiiter  by  settling,  and  the 
buit  tiso<!9  of  uioiature  are  got  rid  of  by  heating  the  oil  in  tanks 
littad  with  uteani  wtila.  The  dried  oil  is  then  thoroughly  agitated 
with  concentrated  sulphuric  acid,  the  proportion  of  acid  varying 
from  4  to  1 2  per  cent.,  according  to  the  strength  of  tlie  acid  and 
the  MDo\int  of  impurity  in  the  oil;  After  thorougli  settling,  the 
oluar  iii!  ia  drawn  off,  agitated  with  a  soUitiou  of  caustic  soda,  and 
ngntu  allowL-d  to  tuittle  ;  it  in  then  well  washed  with  warm  water, 
allowed  to  rest  until  clear,  and  finally  dried  by  beiiig  heated  m  shallow 
pans  provided  with  steam  coils  until  the  oil  is  bright.  Sometimes  the 
oil  after  being  treated  with  acid  is  pumped  into  a  still  containing  a 
oolulicoi  of  caustic  soda  amounting  to  from  2  to  4  per  cent,  of  the 
oil,  and  in  redistilled  from  the  soda,  by  which  process  tree  acid  and 
so|]>h(iiwtes  are  more  [lerfectly  removed  and  the  oil  is  improved  in 
Doloiir.  Th«!  treatment  with  sulphuric  acid  removes  tarry  matters, 
as  well  as  some  of  the  more  eaaily  acted  on  hydrocarbons,'  and  the 
«ada  neutralitee  the  remaining  traces  of  sulphuric  acid  as  well  as 
urgiuiiu  acids  contained  in  the  oil  or  resulting  from  treatment.  The 
chetnkal  changes  which  take  pUce  are  by  no  means  fully  understood. 
Swondary  reaetions  oeotir,  certain  of  the  hydrocarbons  being  very 
*  undei^o  oiidation  with  formation  of  acid  products, 
iaily  during  the  alkaline  treatment.  Great  core  and  attention 
lliereFare,  needed  to  produce  the  most  highly  refined  oil,  which  is 
r  and  bright,  contains  neither  acid  nor  ^kali,  and  does  not 
tMCome  turbid  on  standing. 

{'1)  Rnfisiau  Oils. — The  manufacture  of  lubricating  oils  from  oatatki 
waa  coDin)i>nced  by  V.  I.  Ragosine  in  1876,  and  two  years  later  the 
Ruaaiau  oils  were  first  introduced  into  England.''  Up  to  that  time 
naphtlm  and  Uliiiuinating  oil  were  the  only  prodnota  manufactured 
from  the  irrude  Caucasian  petroleum,  and  the  oatatki  was  either 
burned  aa  fuel  or  entirely  wasted.  Even  now  the  greater  propor- 
tion is  used  as  fuel,  and  only  a  comparatively  small  proportion, 
about  10  per  cent,  according  to  Redwood,  is  manufactured  into 
lubricating  oils ;  but,  considering  the  enormous  quantity  of  ostatki 
Inoed,  even   this   small   proportion   amouutti   to  a  considerable 


|(  ostatki,*  which  is  stored  in  large  tanks  s 


n  the  ground,*  is 


I  that  MDiD  T»lu»l)lo  lubricating  hydrocurlionB  are  withdrawn  by  tlie 
nan  «f  tuluburiv  acid. 
'  Jew.  See.  Clun.  Ind..  1687.  p.  831, 

•  S**  Jintr.  .Soe.  CAfia  tml.,  ISU,  p.  Ill  ;  and  ISSfl.  p.  382. 

*  Bcdwood  «l«lM  tliat  Mioan.  Nobel  h«ve  a  cylindrical  laak  of  thit  daacrfp- 
la  holding  Bloven  iiiilliuii  ifallouB. 
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first  pumped  into  raised  tanks  in  which  it  is  heat«d  hy  steam  coils 
facilitate  the  settling  of  water  and  other  impurities  likely  t«  csi 
frothing  aud  eiploaive  ebullition.  The  clari6ed  oil  flows  hj  gravi 
tion  into  the  stills,  which  are  liorizontal  wranght-iroi 
circular  or  elliptical  section,  waste  oil  l)eiQg  the  fuel  used  for  heat- 
ing them.  When  tlie  temperature  has  risen  to  130'  or  140'  C. 
(266°-'284°  F.)  a  fairly  regular  ebullition  sets  in,  and  distillation 
oommeuces  at  about  ISO'-ieO'  C.  (302'-320'  F.).  Superheated  steam 
is  then  admitted  through  perforated  pipes  placed  very  near  the 
twttoDi  of  the  retort,  and  the  distillate  is  collected  in  separate 
fractions  as  the  temperature  rises,  until  tlie  oil  comiug  over  has 
a  density  of  0-915  to  0-920,  when  the  fire  is  eitinguished.  The 
injection  of  steam  is,  however,  uontiuued  until  oil  ceases  to  come 
over.  The  still  is  then  left  to  cool,  and  the  residue,  called  gowiron  or 
degijid,  is  run  otf  while  still  hot  into  tanks  placed  outside  the  building. 
The  fractions  collected  by  this  process  present  the  characteristics 
given  in  Table  XVUI. 

'Solar    Oil'  is  too  fluid  for  lubrication,  and  is  used  either  aa  a 
heavy  illnminatiTig  oil  or  for   making   oil-gaa.     '  Mixing   Oil* 
also  prepared  from  solar  oil,  the  chief  use  of  which  ia  f 
of  adulteration  (R&iiBuOil). 

'  Goudrori'  when  cold  is  almost  solid.  It  is  used  as  fuel 
for  other  purposes,  Sometimes  a  lubricating  greaae  is  made  fi 
it,  of  the  nature  of  vaseline,  by  mixing  it  with  alwut  one-third  ai 
oil  and  very  gradually  heating  the  mixture  in  a  still  to  180'— 200* 
Distillation  is  theu  started  by  passiug  in  superheated  steam. 
first  a  fluid  oil  comes  over,  but  soon  the  distillate  begins  to  partially 
solidify  on  cooling,  the  proportion  of  solid  gradually  increasing  until 
the  whole  solidifies.  This  distillate  ia  collected  separately,  until 
about  three-fourths  of  the  contents  of  the  still  have  come  over. 
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All  the  lul-ricating  oil  dinlillaten  have  a  dark  colour  and  a,  strong 
udour.  Paler  coloured,  odourless  oils  are  produced  from  Ihem  by 
ubemiutl  treatment  followed  by  redistillation,  as  in  the  case  of  the 
American  oils,  bnt  as  the  Kiiaaiaii  oils  contain  no  parafBn  wax  tha 
refrigerating  process  is,  of  cotirse,  omitted. 

The  various  forms  of  plant  used  for  the  diatillation  of  lubricating 
oila  from  petroleum  and  shale,  though  differing  in  detail,  merely 
rupreseut  different  methods  of  carrying  out  the  general  principles 
referred  to  on  pp.  94-96,  and  the  yield  and  characters  of  the  separate 
fractions  obtained  in  diSereut  factories  vary  according  to  the  nature 
of  the  raw  material  and  the  demands  which  the  manufacturer  has 
lomeet. 

(e)  Sbale  Oils.— Crude  shale  oil  yields  on  diatillation  the  some 
products  as  crude  petroleum,  viz.  : — naphtha,  iUuminating  oil,  gas  oil, 
lubricating  oil,  and  {laraffin  wax.  The  methods  of  separating  these 
products  and  obtaining  them  in  a  pure  state  arc  the  same  in  principle, 
vii. : — fractional  distillation,  followed  by  chemical  treatment  of  the 
distillates;  but  the  process  is  more  complicated.  Shale  oil  is 
subjected  to  a  large  number  of  separate  distillations  and  treatments 
in  orAoT  to  Facilitate  the  separation  of  the  paraffin  wax,  of  which  the 
crude  oil  yields  about  12  per  cent.,  whilst  American  petroleum  yields 
only  about  2  per  cent.,  and  Caucasian  petroleum  none.  The  Inbricat- 
iog  oils  from  eh&le  are  of  low  viscosity  (spindle  oils),  and  are 
di*liU»l  oil*,  there  being  no  products  corresponding  to  the  natural 
and  reduced  oils  prepared  from  American  petroleum. 

For  further  information  regarding  the  manufacture  of  minora 
lubricating  oils,  drawings  of  the  plant,  etc.,  the  reader  is  refeiTed  ti 
the  standard  treatise  on  the  subject  by  Redwood, 

III.  Properties  and  Composition  of  Mineral  Lubricating  Oils. 

.Mineral  lubricating  oils  are  classed  commercially  as  'pale'  nni 
'tlark.'  The  pnle  oils  are  more  or  less  transparent,  and  present  i 
variety  of  shades  of  yellow  and  red.  The  dark  oils  ai-e  opai^iie,  and 
are  either  greenish-  or  brownish-black.  Most  mineral  oils,  unless 
lliey  have  been  'debloomed'  by  chemical  treatment,  are  (in  distinc- 
tion to  animal  and  vegetable  oils)  fluorescent.  The  smell  and  taste, 
althinigh  usually  slight,  are  also  characteristic. 

Tbo  (ipocilic  gravity  usually  ranges  from  about  0-860  to  0'94O, 
though  oils  of  higher  sp.  gr.  are  occaaionally  met  with.  The  Iwiling- 
point  is  high,  usually  above  6t)C°  F.  (315-5  C.)  in  the  case  of  refined 
distilled  oils,  The  flash ing-poi lit  ranges,  with  tow  exceptions,  from 
300*  to  600"  F.  The  cold-test  or  sotting  point  varies,  and  depends 
|*rtly  upon  the  proportion  of  solid  hydrocarbons  present.  Russian 
nilc  have  tho  lowest  setting-point,  sometimes  below  0*  V.  ;  most 
Anedoan  oils  do  not  remain  fluid  below  2G*  F. ;  Scotch  oils  set  at 
about  33*  F. 

The  IiihtlcatJng  oils  obtained  from   petrolerun    present   a   much 
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grntter  fhiij^  of  viscosity  tbau  the  fited  oils.  The  thinnest  are  more 
fluid  tliau  spenn  oil  ;  the  thickest  are  more  vitKXJus  tbuu  castor  oil 
Scotch  shale  oils  are  only  met  with  among  the  oils  of  lovr  viscosity. 
Reference  to  the  tables  on  pp.  162-166  will  show  how  slight  is  the 
oonnectioii  betweeu  specific  gravity  and  Tiscosity.  Among  oils  of  u 
given  specific  gravity,  natural  aiid  reduced  oils  are  more  viscous  thtin 
refined  oils  ;  and  among  the  latter  Hussian  oils,  at  low  and  moderate 
t«mperatiires,  are  more  viiscous  than  American.  Minenkl  oils  lose 
viscosity  with  rise  of  t«ni[>eratnre  more  rapidly  than  the  fixed  oils ;  but 
if  tliecurve8  0fabsotiit«  viscosity  on  pp.  168  and  169  be  studied,  it  will 
be  seen  that  this  difference  becomes  much  less  marked  at  temperatures 
above  100°  F.  (or  150°  F.  in  the  case  of  cylinder  oils).  The  loss  of 
vi8c<»ity  is  greater  the  more  viscous  the  oil;  and  the  higher  the 
temperature  above  the  normal,  the  more  nearly  do  ail  oils  approiimnte 
to  one  another  in  viscosity.  It  is  not  entirely  owing  to  tlie  greater 
influence  of  (empcmtiire  on  the  viscosity  of  mineral  oils  that  they  are 
less  perfect  lubricants  than  the  fixed  oils,  but  partly  owing  to  the 
fact  that  they  are  deficient  in  the  property  of  'oiliness,'  the  nature 
and  cause  of  which  are  somewhat  obecurt>. 

Although  the  chemical  composition  of  petroleum  has  been  the 
subject  of  an  immense  amount  of  research,  attention  has  chiefly  been 
directed  to  the  naphtha  and  illuminating  ail  fractious,  whilst  those  of 
higher  boihng-point,  from  which  lubricating  oils  are  prepared,  have 
been  oomparutively  little  studied-  Allen  states  that  the  lubricating 
oils  obtained  from  American  petroleum  and  from  shale  consist  largely 
of  olefincs ;  paraffins  arc  present  iu  considerably  larger  proportiou 
in  the  petroleiuii  product  than  in  the  shale  product,  and  the  latter 
also  coutAins  small  amounts  of  polymeriEed  acetylenes,  and  possibly 
also  teipenes.  ZaIozieckJ  has  confirmed  the  presence  of  terpenes  iu 
the  higher  fractions  from  petroletim.'  Aiainmann  ^  states  that  the 
American  lubricating  oils  consist  chiefly  of  paraOins,  and  that  those 
from  Bakii  are  composed  mainly  of  naphthenes  and  olefines.  More 
I'eueutiy,  Bugler  and  Jexioranski' have  come  to  the  conclnsion  that 
these  dilTerenceu  do  not  exist.  By  uuikmg  analyses  of  petroleums 
from  different  sources,  and  also  of  the  various  fractions  obtained 
by  their  distillation,  they  have  found  that  the  ratio  of  carbon  to 
hydrogen  increases  with  the  boiling-point,  and  that  in  all  cases  the 
highest  fractions  contain,  in  considerable  quantity,  hydrocarbons 
which  are  poorer  in  hydrogen  than  those  of  the  ethylene  series. 
From  these  analyses,  and  From  a  eomparisoa  of  the  amoiuit  of  each 
fraction  absorbed  by  sulphuric  acid,  they  conclude  that  the  fractions 
boiling  alM>ve  200°  C,  of  American  as  well  as  of  Russian  and  Galician 
oils,  consist  mainly  of  unsaturated  hydrocarbons.  Kraemer  and 
Spilkor^  have  prepared  synthetical  hydrocarbons,  resembling  in  their 


'  Jovr.  Clitm.  Sac,  1BB8,  Abs.,  i.  y.  1. 
'  Jottr.  Chem.  Soe.,  1S91.  Abs..  u.  14S2. 
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Sli^rsioil  and  ebemicii)  clmracters  mineral  lubridiLting  oils,  by  the  cou- 
cnsBtinn  of  motb^llranzenes  wild  uiuu^imcne  or  wiih  at lyl  alcohol  iu 
Utu  iir«i0Dce  at  eulpburjc  acid,  Tha  pnxlucl  formed  (roni  pseudo- 
GiiiDeiie  aud  itllyl  itlcobul  bud  Ihe  uuiiipoaitioii  C',.U„,  and  was  probably 
dimethyldivumyluietlkaue ;  it  boiled  above  300  C ,  and  in  tbe 
x-iiu.'oui«t«r  gave,  at  15*  C'.,  tbe  value  775  (water=l),  wbilsl  the 
beat  Ituaaiau  lubricating  nil  gave,  iu  tho  same  apparatuH,  tbu  value  iO. 
Knemor  and  Spilker  rt^ard  these  bodies  as  the  '  viscosity  carriers ' 
of  miucral  lubricating  oils,  and  have  proved  that  tlieir  i-iscosity 
iucreasea  rapidly  with  tbe  nuiaber  uf  methyl  groups  in  the  molecule. 
Mills  states  that  the  uornial  paraffius  are  not  lubricants,  and  that  the 
lubricating  properties  belong  to  one  or  more  series  of  iHOparaffins.' 

Ik-sides  the  fluid  hydrocarbons,  American  and  Scotch  oils  contain 
solid  bydrocarbone  (paraffin),  and  iu  the  dark  'reduced'  oils 
vanable  quantities  of  asphaltic  and  tarry  bodies  exist. 

Mineral  lubrioatiug  oils  are  unnapotii^ble,  which  enables  them  to 
be  eaaUy  separated  from  tbe  fixed  oils.  In  Hiibl'e  process  they  absorb 
from  7  to  '23  per  cent,  of  iodine,  according  to  their  origin.  Owing  to 
the  almost  entire  absence  of  any  tendency  to  oxidize  or  develop  aeid, 
they  do  not  as  a  rule  gum  or  corrode  bearings,  and,  if  carefully 
refined,  so  as  to  be  free  from  volatile  hydrocarbons,  they  undergo  but 
little  change  by  use.  Therefore,  pure  mineral  lubricating  oils,  if 
oocasioually  filtered  to  remove  suspended  impurities,  can  be  used  over 
and  over  agnin,  which  is  not  the  case  with  any  of  the  fiied  oils. 
^liueiaJ  oil^  owing  to  their  non-oxidixable  character,  arc  also  incapable 
of  igniting  spontaneously,  and  when  mixed  in  sulSciont  proportion 
wiib  auiuial  and  vegetable  oils,  they  reduce  the  risk  of  lire. 


B.— FIXED  OILS  AHD  FATS. 
Soorcea,  Cotupositioii,  and  General  PropertieB, 

'  Fixed '  oils,  so  called  Ijecause  they  are  not  volatile  without 
decompCMition,  are  found  ready  formed  in  certain  tissues  of  animals 
aui]  putits.  Tbey  differ  from  tlto  minerid  oils  in  containing  oxygen 
as  an  ewiential  constituent,  the  proportion  ranging  from  9*4  to  12'5 
per  cent.  The  distinction  lictween  fixed  oils  and  fats  is  only  a  matter 
of  temperature.  All  fixed  oils  become  fat«  at  low  temperatures, 
and  ail  fata  ]>ecome  oils  at  150'  F. 

Tbe  fat  of  terrestrial  animals  is  found  in  the  cells  of  tbe  adipose 
tissue,  and  in  the  cam)  of  marine  animals  in  tlto  blubber,  from  which 
it  ia  mrllci  out  or  '  re:idered '  by  simple  beat,  or  by  boiling  with 
water.  The  oils  of  plants  oecur  niostly  in  tbe  seeds  or  fruit,  and 
are  obtained  either  by  expression,  or  by  means  of  solvents 
fuob  as  petroleum  ether  ;  oils  so  obtained  are  frequently  subjected 
to  a  |)TOGeBs  of  refining,  in  order  to  remove  the  albuminous  and 
'  DMnutiws  DiUiilaHon,  fonrtb  edition,  p.  34. 
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mucilaginous  matter  which  is  expressed  or  dissolved  out  with  the  oil. 
Each  o(  the  different  oil-yielding  plants  and  animals  furnishes  its  own 
peculiar  oil ;  hence  a  considerable  variety  of  fixed  oils  and  fata  exists. 

Animal  oils  are  usually  either  colourless  or  yellow  ;  vegetable  oils 
are  of  various  shades  of  yellow  and  green,  the  green  colour  being  due 
to  the  presence  of  eAlorop/iyll,  whieh  is  characteristic  of  this  class  of 
oils.  Each  kind  of  oil  has  usually  a  distinctive  odour  by  which 
it  can  be  identified.  Fixed  oils  very  rarely  present  a  fluorescent 
appearance,  unless  adulterated  with  mineral  oil.  i 

In  specific  gravity  they  range  from  about  0-879  to  0968  at  60'  F.; 
Sperm  oil  is  the  least  viscous,  castor  oil  the  most,  but  each  kind  of' 
oil  has  its  own  pcfuliar  viscosity,  which  varies  but  little.  They 
cannot  be  distilled  without  decomposition,  the  so-called  '  boiling'  of 
fixed  oils  being  due  to  the  escape  of  gases  produced  by  destructive 
distillation.  The  solidifying  points  of  fixed  oils,  and  the  melting- 
points  of  fats,  vary  considerably  (see  pp.  199  and  204). 

A    fundamental  difierence   between   fixed   oils  and   mioeml 
exists  in  their  behaviour  towards  atmospheric  oxygen.     Mineral 
are  almost  indifferent  to  oxygen,  but  all  the  fixed  oils  combine  ' 
it,^  and  most  of  them  undergo,  as  a  result  of  the  oxidation,  chanj 
which  convert  them  sooner  or  later  into  solid  elastic  vamiBhes. 
oils  which  behave  in  this  manner  are  called  '  drying  oils,'  and 
which  oxidize  and  dry  most  rapidly  (notably  linseed  oil)  are  used 
vehicles  for  paint.     Lubrioante  are  selected  from  the  'non-drying 
or  less  strongly  drying  oils,  the  chief  of  which  are  olive,  rape,  and 
castor  among  vegetable  oils,  and  tallow,  lard,  neatafoot,  and  sperm 
among  animal  oils. 

All  fixed  oils  are  composed  of  fatty  esters,  formed  by  the  union  of! 
alcohol  radicles  with  fatty  acid  radicles.  The  alcohol  radicle  occur- 
ring  in  the  vegetable  oils  and  in  most  of  the  animal  oils  is  the  trivalent 
radicle  glyceryl,  CgHj,  the  radicle  of  glycerol  or  glycerin  {CsHj(OH),), 
and  its  esters,  known  as  glycerides,  may  be  represented  by  the  formula 
CjH^Ug,  in  which  K  repreeeute  the  fatty  acid  radicle.  Usually 
several  esters  occur  together.  Those  most  frequently  met  witi 
are  triglyceryl  stearnte  or  tristearin  C,H5(O.CigH(^50)j,  triglyoei 
palmitate  or  tripalmitin  CjHj(t),C|(HjjO)j,  and  triglyceryl  oleate 
triolein  C'jHj(O.Ci8HjjO)5.  Stearin  and  palmitin  predoniiuute  in  1 
solid  fats,  olein  in  the  fluid  oils.  Olein  is  the  chief  constituent  of 
many  of  the  best  known  lubricants,  such  as  lanl,  tallow,  neatsfoot,  and 
olive  oils.  Until  recently,  natural  oils  and  fats  were  believed  to  be 
mixtures,  exclusively,  of  simple  triglycerides  such  aa  the  above,  " 
which  all  the  acid  radicles  contained  in  the  molecule  are  alike ; 
recent  researches  have  proved  that  mixed  triglycerides  also 
such  as  stearo-dipalmitin,  palmito-distearin,  oleo-palmito-stearin,  eto,' 

Allied  to  the  fats  are  the  waxet,  which  are  estere  of  mono-  anj' 
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di-hjrdric  alcohols.  Thus,  cctjl  palmitato  or  catin,  C[gH,,.O.C,gU,iO, 
doriTed  from  cetyl  alcohol  (CjjH^O),  is  the  chief  constituent  of 
sp«nuao.>ti,  and  mjrieyl  palmiUtte  or  loyricin,  Cj(,Hj,.O.C,gHj,0, 
fruiu  mjricvt  alcohol  (C^H^jO),  is  the  chief  tngredieut  of  beeswax. 
Sperm  and  bottlenose  oils  twloug  to  this  group,  and  are  therefore 
kiiowi)  ns  liquid  wazea,  since  the  esters  composing  them  arc  not 
gtyccridcs,  but  are  derived  from  aiono'hydric  alcohols. 

All  fatly  esttin,  hy  hydrolysis,  are  split  up  into  alcohols  and  tatty 
Bcids.  The  change  can  be  effected  in  several  ways :  by  heating  witi) 
Water  under  pressure,  by  heating  with  sulphuric  acid,  or  by  heating 
with  lUknlis ;  but  however  produced  it  is  known  as  ' mponificalion.' 
In  saponification  by  beating  nitb  water  under  pressure,  tmth  the 
alcohol  aud  the  fatty  acid  are  liberated  in  the  free  state.  Thus,  in 
the  atae  of  olein,  the  complete  chango  is  represented  by  the  follow- 
ing equation  : — 

olein  -|-wftter=   glycerol    +  oleic  acid. 

This  change  takes  place  in  steam  cylinders  when  fntty  oils  are  used 
Hs  luhricauts,  with  the  result  that  the  fatty  acids  set  free  corrode 
the  metal  «tid  form  metallic  soaps  which  choke  the  Hteam  passages. 

When  saponification  is  effected  by  means  of  an  alkali,  such  as 
potash  or  soda,  the  alcohol  alone  is  set  free  ;  the  fatty  acid  combines 
with  the  Alkali  or  base,  forming  a  soaji.  Thus,  when  olein  is  heated 
with  n  solution  of  potash  the  following  change  takes  place,  in  the 
definite  proportions  stated : — 

C,H4(C«HaOA+        3K0H        =    C3H4{OH)a     +        3K.C„H„0,. 
oleui        I  .    (     potnsh     I   _  /    glycerol    (  ,    ( ixjtassiiim  weali: 
884-M  pta.    /  *  I  168-44  pto.  /  "  I  9206  pts.   (  "^  \        9«ia3  pta. 

This  reaction  enables  us  to  at  once  distinguish  between  a  mineral 
oil  and  a  fixed  oil,  and  to  separate  tlie  mineral  oil  from  a  mixture  of 
the  two.  For,  on  boiling  with  potash,  the  hydrocarbons  composing 
the  mineral  oil  undei^o  no  change,  but  the  esters  composing  the  fatty 
oil  undergo  sAponificstion,  forming  soaps  and  glycerol,  both  of  whiirli 
Ma  be  washed  away  by  water,  leaving  the  mineral  oil  in  the  free 
sUte. 

In  tb«  cuHc  lit  a  wax  like  sperm  oil  or  wool  fat  a  complication 
ariica,  since  the  wax  alcohols  are  not  soluble  in  water,  and,  therefore, 
conlAmiiiali.-  the  mineral  oil.  The  mixture  can,  however,  be  analysed 
liy  the  method  described  on  p.  345. 

Soapa  are  eaxily  decomposed  by  mineral  acids,  aud  the  fatty  acids 
are  set  free.  Thus,  in  the  case  of  potassium  oleate  and  hydrochloric 
■ejd: — 

K.C„U„0,     +  HCl  =  KCl  +  C,,H„0,, 

potsMiuju  oleatd -hhyilrocliloric  acid  =  potassium  chloride+uli^ic  acid. 

Most  fatty  acids,  when  melted,  are  oily  liquids,  which  float  as  an 
iuoluble  oily  layer  on  the  surface  of  water ;  but  a  few,  such  as  the 
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Tsbii:  ai:»i  of  [vrpocse  jaw  oil,  are  snluble  in  water,  and  eTspoiate 
■tUi  U»f  »ioKu  wbHi  Uk  wmter  is  boiled.  The  fatty  acids  obtained 
Ht  safwoihin^  tb«  natural  oils  are  almoet  iurariably  mixtures, 
anJ  bT  »Ttniming  tbe  Qux«d  htty  acids  it  is  frequently  possible  to 
JiMwrwiM  lb«  nature  of  tbe  htty  ml  from  which  they  have  been 

TW  >-hE«^f  fattr  ackfe  wbicfa  uv  known  to  occur  in  lubricating  oils 
are  pren  in  TaMe  \IX. 


Tabu  XIS. — Fattt  Acii«  occtruko  r 


LUBRICATINO  OlU- 


Ok|«T)k 

Mrrnuc 

IVilnuik 


Anrhtdk' 
LtgnMcrk 


OlrJc 
Erucic 


C^  HjjO.       Porpoise  jaw  oil. 


Ricinol«i<:, 


r,  U„0. 

i\.H_u; 

r,:M.,o: 


Pilm   oil ;    also   tatlow,  olive  I 

oil,  and  coconut  oil. 
Tallow ;    alao    palm,    eaitor, 

and  rape  oils.  ! 

'  I  Earthnut,  rape,  and  mustard 


Ricimileic  0„H^0, 

Isoririiioiek      0,jH„0, 


Olive  oil  and  the  animal  oleina 
i  Rape  oil. 


The  drying  tnla  ;  alao  in  obve 
and  palm  uila 


JCaitor  oiL 


r 


Thf  tv'/flal'te  oif"  chiefly  used  for  lubrication  are  rape,  olive,  and 
ciiHtor.  Rape  mid  olive  oils  are  employed  both  alone  and  mixed  with 
mineral  oils.  Castor  oil  is  lai^oly  used  for  railway  work  in  India, 
mixed  with  heavy  uiineral  oil,  of  which  it  can  take  up  a  certain  pro- 
portion only,  the  amount  varj'iiig  with  the  temperature.  To  produce 
with  castor  oil  and  mineral  oil  a  mixture  that  will  not,  even  at  low 
temperatures,  separate  on  standing,  an  equal  volume  of  tallow  ml  or 
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\tad  oil  niiist  first  be  ruixcrl  witb  tlie  unstor  oil.  Coconut  oil  is  said 
to  Ifc  used  in  ludtn  on  ligbt^ni lining  uiachiDcty,  aiid  in  tilts  country 
for  tlio  preparation  of  miied  epindle  &ud  loom  oils,  but  the  cumiuerciul 
ud  tecum  quit«  unauitable  lor  iiucb  piirposea,  owing  to  the  large 
unouitt  of  trcQ  futty  uuid  wliich  it  trtv|iiently  contains  {sec  p.  116), 
Maixc  oil  (cuni  oil)  Ims  bocn  detwriliul  as  a  non-drving  oil  ftiid  H  good 
lubricant,  but  it  dries  as  rcudily  as  cottoUHuiMl  oil.'  I'alni  oil  is  some- 
times used  in  making  the  yellow  grease  employed  fur  the  lubiicatioit 
of  railway  wagon  axlee,  Uaxol-uut  oil  and  ben  oil  arc  used  (or  the 
lubricxtiou  of  wabc'bea  a:id  deliuate  mechuiiisui. 

The  animal  oils  chiefly  employal  for  lubriciilion  are  tallow,  talluw 
oil,  lard  oil,  neatafoot  oil,  spemi  oil,  and  porpoise  jaw  oil.  Tallow 
is  used  Tor  grease  making,  and  tbe  three  following  oils  «ro  chiefly 
employed  for  mixing  with  mineral  olb.  Sperm  oil  k  used,  iMtli 
mixed  and  unmixed  with  mineral  oil,  (or  light  machinery  and 
spindles.  I'urpoise  jaw  od  is  used  for  the  lubriuation  of  wutehes  and 
delicate  mec-banism,  for  which  a  thoroughly  noTi-drying  and  fairly 
limpid  oil  k  required. 

Bape  (Colza)  OiL^^^mmercial  rape  or  colza  oil  is  obtained  from 
the  seeds  of  several  cultivated  rarietiea  of  Brateiea  C'tim/ifBtria,  Linn., 
tbe  navew  or  wild  turnip,  a  pUnt  belonging  to  the  natural  order 
Orwi/erae,  cultivated  very  extensively  in  France,  Uemiany,  Auatria- 
Uungary,  Uoumauia,  and  -Sontbem  Kusaia  ;  also  in  India  and  China. 
The  principal  source  of  European  rape  oil  (German,  rapaol)  is  rape 
seed  or  cole  seed,  from  S.  Cmnpettrk  Tar.  Naptu<.  B.  Campeetriii 
proper,  cultivated  in  France  and  Belgium  under  the  name  'colza,' 
yields  oohta  oil  (German,  kohlsaatol),  and  B.  Camprstria  var.  Rapa 
[B.  Bapa  oleiftro,  Linn.),  grown  in  South  Germany,  yields  tbe  oil 
known  as  'rubsen'  (German,  riibol  or  riihseniil).  These  three  oils, 
txibia,  rape,  and  nibseo,  though  botanically  quite  distinct,  are  simUar 
hi  their  chief  physical  and  chemical  characters,  and  are  not  dis- 
tinguished commercially,  being  all  Hold  as  rape  oil. 

The  rape  seed  which  is  so  largely  imported  into  Kuroi*  from  India 
for  the  manufacture  of  rape  oil  is  the  product  of  chiefly  B.  Camju-tlrit 
var.  OUittca.  Indian  rape  aeed  varies  very  much  in  size  and  appear- 
anuti,  auuording  to  the  district  ui  which  it  has  been  grown,  tbe  finest 
coiumrrcial  raricties  being  known  as  yellow  (inzerat  and  yellow 
Cawnporc,  less  esteemed  kindu  as  Madras,  brown  Calcutta,  brown 
Cawnpore,  Fcrozeporc,  etc.  A  seed  known  as  Jamba  raije,-  which  is 
«ud  to  yield  a  good  oil,  is  occa«ionalty  exported  from  Kurrachi. 
Indian  rajHJ  ban  s<ime  of  tbe  cbaraoten  of  muatard  (possil>ly  owing  to 
the  coniuion  pnu'ticc  of  sowing  the  seeds  together),  in  couiiei(uence 
iif  which  the  cake  caiuiot  be  safety  used  for  feeding  cattle."  Ilie 
rawmblanoo  between  some  kinds  of  Indian  rape  sued  and  white 
miutard  seed  has  led  to  frequent  mistakoB  and  even  hiwauits.     Thus 

'  Jour.  Soc.  (Hum.  tad.,  xviii.  (1896),  v.  34«. 

'  fta  llB  fihUBctan  tnn  IirwkowitKh,  Anajytia  ■>/  Oil*,  third  edition,  (i.  !ii6. 
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Amweeikuamn  aa  'Onaent'  reBcmhlts  a  mixturt  of  ordinal?  npe 
with  vUte  Bumtmid.  Tie  cftiefa]  exuuiintioD  of  Dr.  Wittmack,  of 
Ite  Bn&i  Agncvhiual  Mimwim,  boverer,  baa  shown  conclusively 
ihmt  the  Mraetanl  chancten  of  ^  aenk  are  those  of  rape  and  not 
ol  vhite  moataid,  and  then  »  iwtsoa  to  supper  that  the  white  aa 
well  aa  the  daife  oBoda  are  all  the  ptodnoe  of  the  same  plant.' 
VTatta  *  mentiaBB  two  other  v^rieCiea  of  IndiaD  rape,  viz. : — -B.  Cnm- 
ptttru  Tar.  DiAetomta  and  R.  Campettri*  var.  Toria ;  the  oil  from 
the  fanaa  be  teraa  IiMlian  colia,  aod  aaya  it  is  chiefly  used  for 
MMmtmg  the  bod;,  (hat  bora  the  tatter  is  probably  mixed  with  the 
oil  fttm  the  fmt.  Gtamea.     The  following  resullji  may  be  of  interest 

abowing  the  chaiarters  of  Indian  rape  <ul  extracted  from  the  seed 

ether  in  the  laboiaiarr  :^ 
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Sp.  gr.  at  60°  F,    . 
Saponification  Taloe,  per  ceiic. 
Iodine  volae,  per  cent,  . 
Oxidation  test  (lee  p.  fXH), 


0^133  (r»lM  0^140 

lT-30  17-42  1T4& 

97-8  ioa-7  es-e 

1  gnn.  of  the  oil  did  not  dry  or  become 
nndolj  thickened  in  16  honis  at  213°  F. 


A  more  oomplete  investigation  of  the  constaiita  of  [udian  rHpe 
oils  expressed  from  different  varieties  of  pure  seeds  has  been 
published  by  Crosslcy  and  Le  Sueur,  Jour.  Hoc.  Cbem,  Ind.,  xvii. 
(1898),  p.  989. 

Rape  seed,  from  B.  Campeatrin  var.  CkineiisU  (Chinese  Cubbage), 
is  cultivated  eittusively  in  China,  and  another  variety,  B.  C'ampeelru 
var.  Cemua,  in  Japan.  The  oU  of  the  hedge  or  wild  radish, 
Baphanut  Baphanietrum,  sometimes  called  hedge  mustard,  is  said  to 
be  tailed  with  and  even  substituted  for  rape  oil  in  Hungary. 

Kape  oil  is  obtaiued  from  the  seed  either  by  expression  or  by 
extraction  with  solvents.  In  either  case  the  seed  is  first  thoroughly 
crushed  in  roller  mills.  In  the  process  of  expression  the  crushed 
seed  is  first  subjected  to  very  moderate  pressure  iu  the  cold,  by 
which  a  oonsiderable  quantity  of  oil  is  obtained  i  the  cakes  are  again 
passed  through  the  mill,  and  the  meal  is  then  heated  and  damped  iu 
a  jacketed  steam-pan  called  a  'kettle,'  which  proceas,  by  rendering 
tlie  remaining  oil  more  fluid,  facilitates  its  expression,  and  at  the 
same  time  coagulates  some  of  the  albuminous  matter  of  the  seed  aud 
prevents  it  from  being  expressed  with  the  oil.  The  heated  seed-meal 
is  then  rapidly  moulded  into  cakes  and  subjected  to  hydraulic  pres- 

'  A'ew.'  BiiUMiii.  1877.  T'  3^  ;  »"<!  18Bt.  ji.  96. 

'  Did.  of  the  l^eonomie  Products  of  Indin,  vol.  i.  jip,  622-528 
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tbe  process  of  extraction  with  a  Holvont,  by  nhioh  mcanB 
the  lorij^er  proporlioD  of  the  nijic  oil  of  coiiiinerc«  is  now  obtained, 
the  cnishod  dry  seed  in  plnoed  in  the  Mtmction  appatfttiis  and 
exhausted  with  petrototim  xpirit  or  carliOTi  disnlphidc,  and  ihc  oil  is 
obtained  bj'  distilling  off  tbe  solveut.' 

Crude  rape  oi]  ia  il»rk  in  colour,  and  eonUiius  albniiiinous  impuri- 
Uea  which  cause  turbidity  and  set  up  fennuntation,  resulting  in  the 
partial  decomposition  of  the  glycerides  with  liberation  of  free  fatty 
acttls.  In  order  to  remove  theee  impurities,  it  is  usual  to  refine  the 
oil  by  agitating  it,  whilst  warm,  with  a  strictly  limited  proportion 
(0-5  to  1  -5  per  c«nt.)  of  sulpUurio  acid  (Th^nard's  process)  sufficient 
to  Attack  and  char  the  impurities,  which  are  more  easily  acted  upon 
than  the  glyceridea,  without  causing  eerioua  hydrolysis  of  the  latter. 
After  thoroughly  agitnting  the  oil  with  the  acid  for  about  |  to  1  hour, 
Hometimcs  longer,  according  to  tbe  quantity  and  quality  of  the  oil 
treated,  the  mixture  ia  allowed  to  rest,  and  thc<  suspended  acid  and 
impurities  gradually  settle  out  aa  a  dark  coloiu'ed  magma  ('  foots '), 
leaving  the  oil  lirighl  and  clear.  The  latter  is  then  drawn  off, 
washed  Iiy  agitation  with  steam  and  hot  water,  again  rucked  ofT  and 
boiled  with  water  a  secoud  time,  allowed  to  settle,  and  '  Imled  '  until 
lirighL 

The  following  results  arc  of  interest  as  showing  the  effect  of  the 
acid  refining  process  upon  the  acidity  and  other  characters  of  rape 
oil.  For  th«  samples  the  authors  are  indebted  to  Mr.  John  F. 
Hutcbeson  of  (itosgow,  who  kindly  obtained  them  specially  from 
St«tUn. 


Tabui  XXI.  -Em 


'  Rkpimnq  Rape  On.  by  THftNARo's  Method. 


nmmi  mil  Ohrrarcal  Ctuncton. 

IWD«aBii[ie 
OlKTomftMlily 

embed  H«d. 

I,y«tl1ih«.      1            f"'' 

Free  (oleic)  acid,  per  cent.,     . 
Specific  gravity  at  60"  F..       . 
BchUve  efflux  time  at  60'  F., 
SaDonification  value, percent., 
ludino  \-alue,  per  cent.,  . 
Maiuoeu^  thermal  value,  °  C, 

wni.. 

168 
0-9146 
104 
1742 

lors 

67-0 
0-98 

0-98 
0-9147 
101 
17-36 

100-9 
68-2S 
0-95 

2-a6 

0-9141 
100 
17-30 
103-3 
66-75 
075 

Hnpe  oil  refined  by  Tb^nard's  process  is  apt  to  contain  traces  of 
free  sulphuric  aeid  {see  p,  313). 

Aa  the  tendency  of  the  acid  refining  process  is  to  increase  the 
aridity  of  the  oil,  an  alkaline  process  would  appear  preferable. 
Everud's  process,  which  consists  in  agitating  the  oil  with  a  weak 


no 
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solution  of  cftustio  soda,  has  been  applied  to  rape  oil.  One  difficulty 
in  the  practical  working  of  and)  processes  is  Ihe  tendency  of  the  oil 
and  alknline  liquor  to  form  emulsiotia  which  are  troublesome  to 
separate,  and  to  avoid  this  it  has  been  proposed  to  use  a  liquid 
formed  by  melting  eoda  crvstale  in  their  wat{^r  of  crystallization 
(Hatfinan),  which  is  Baid  not  to  emukify.  Milk  of  lime  and  calcined 
magnesia  have  also  been  suggested. 

Kape  oil  has  been  found  to  contain  the  glycerides  of  ntpic  and 
erucic  acids,  hut  the  high  iodine  value  of  the  oil  points  to  the 
presence  also  of  an  acid  or  acids  of  the  linolic  or  Unolenic  series, 
Glycerides  of  saturated  fatty  acids  occur  in  very  soiall  proportion 
in  rape  oil  and  inchido  arachidio  and,  probably,  lignoceric  acids. 
Poniio '  found  0'4  per  cetit^  of  arachidic  acid  in  one  sample.  Alen ' 
found  arachidic  acid  in  the  oil  from  Uuzerat  seed,  but  not  iu  that 
from  the  Eui-opean  varieties.  Arcbbutt*  found  143  per  cent  of 
arachidic  (and  lignoceric)  acids  in' rape  oil  extracted  by  means  of 
ether  from  Guzerat  seed,  and  1*14  per  cent,  in  commercial  (Stettin) 
rape  oil  expressed  from  rape  and  rubsen  seed.  Of  51  samples  of 
commercial  rape  oil  which  were  specially  examined  by  Renard's 
process,  about  two-thirds  were  found  to  contain  arachidic  acid. 
Indian  rape  oil  from  B.  i/lauat  eecms  to  contain  more  of  this  acid 
than  the  European  oil,  and  the  extracted  oil  more  than  the  expressed 
oil ;  of  tbe  lattor,  the  cold-presaod  oil  probably  contains  lest)  than  the 
hot-pressed.  Arachidic  and  lignoceric  acids  are  also  contained  in 
mustard  oil. 

Ibipe  oil  is  by  no  means  a  non-drying  oil,  and  as  different  samples 
vary  considerably  in  oxidising  property,  it  ia  necessary  to  make  a 
careful  selection  of  tiie  oil  intended  for  lubricatmg.  Rape  oil  is  not 
suitable  for  delicate  nmchinery. 

Aocording  to  Schaedler,  rape  oil  sets  or  solidifies  at  -  2°  to  -  10* 
C. ;  but  Holde  states  tliat  all  rape  oils  sooner  or  later  solidify  at  0'  C. 
(32'  F.).  The  following  experiment  was  made  by  one  of  the  anthors. 
Some  genuine  refined  rape  oil  watt  placed  iu  a  glass  tube,  immersed 
in  melting  ice  for  three  hours  without  stirring,  and  then  for  three 
hours  longer,  stirring  at  intervals.  It  remained  clear  and  fluid.  Some 
of  the  same  oil,  previously  frozen,  having  been  added,  the  oil  was  kept 
in  ice  for  three  houre  longer,  with  occasional  stirring,  but  the  frozen 
oil  slowly  melted.  The  temperature  was  then  gradually  reduced  to 
14' -16  F.  (-10'  to  -  9'  C),  and  the  oil  became  very  turbid, 
but  after  remaining  for  two  hours  at  this  temperature,  with  stirring,  it 
did  not  lose  its  fluidity.  After  still  further  reducing  the  temperature 
to  ir  F.  (-  ll-O"  C),  and  stirring,  the  oil  solidified  in  about  half 

Black  Sea  Rape  Oil.  RavisOD  Oil.— Oil  expressed  from  the  seed 
of  the  Black  Sea  district,  known  as  n    '  *" ...     ■ 


'  J.JTirpr.  Chan.,  ilviii.  (1883), 
»  Sveiuk.  Ktrniit  Tidskrifl.  ISiT 
'  JovT.  S«e.  Chtm.  Ind,,  xrii. 


ison  oil,  is  inferior  in  quali^^^| 

Si'S,  p.  179.  ^H 

(18»8),  p.  1009.  ^^1 
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to,  and  cheaper  than,  ordinary  rape  oil ;  it  has  a  higher  sp.  gr., 
higher  saponification  and  iodine  values,  and  more  strongly  drying 
properties  than  ordinary  rape  oil,  and  is  usually  of  inferior  quality  for 
lubricating.  The  unacknowledged  admixture  of  this  oil  with  rape 
oil  must  therefore  be  regarded  as  adulteration.  The  chief  properties 
of  the  oil  are  shown  by  the  results  in  Table  XXII.  The  samples  of 
Black  Sea  oil  and  seed  were  kindly  supplied  by  Messrs.  Seaton  &  Co., 
of  Hull. 

Table  XXII.— Propebtibs  of  Black  Sea  Rape  Oil. 


Physical  and 
Chemical  Data. 

KuitendJe 

Bape  on 

made  from 

Wild  Bape 

Seed  from  the 

Black  Sea. 
Extracted  by 
the  CS2  pro- 
cess. 

Black  Sea  Bape  Oil 
Bxpresaedand 

Beflned. 
Two  Samples. 

Oil  extracted 

in  the 

Laboratonr 

from  Black  Sea 

Bape  Seed. 
Two  Samples. 

Oil  extracted 

from  Seed  (b) 

after  pickini;  | 

out  13-3  X 

of  Foreign 

Seeds. 

(a) 

(ft) 

(a)         (6) 

Free  acid,  as  oleic  acid,  % 

2-48 

6*02 

2*8 

•  • 

•  • 

•  • 

Sp.  gr.  at  00*  F  ,     . 

01)188 

0-9200 

0-9217 

0-9211 

0-9200 

0-9200 

Vlscodty  at  «rF., 
Saponification  value,  % 

About  6  X 

lower  than 

that  of  re- 

fined  Stettin 

rape  oil. 

17-79 

About  18  y. 
than  that  of 
Stettin 

17-98 

'  lower 
'  refined 
oU. 

17-89 

17-93 

17*81 

17-81 

Iodine  value,  . 

110-2 

110-7 

121-7 

111-5 

108-9 

109-3 

M[aumen6  thermal  value, 
Uniaponiflable  matter,  % 

«5-8 

76 

•  • 

■   •  • 

1*45 

1-66 

1-64 

•  • 

•  > 

Arachidic  acids  obtained 
by  Benard's  process. 

0-79% 
(m.p.  70-4'  C.) 

}    •• 

•  • 

•  • 

•  • 

•  • 

Colour  Beactions. 

1 
1 

Milliautest,    . 

neg. 

neg. 

neg. 

1 

•  •                           ■  • 

1 

1 

•  • 

Badouin's  test, 

Oxidation  test.    (1  grm. 
of  oil   exposed  on  a 
watch  glass  at  212*  F. 
for  16  hours), 

•  • 

Bather  more 
dried  than 
Stettin  oil, 

but  not  more 
thickened. 

•  • 

Badly  dried 
and  much 

more 

thickened 

than  Stettin 

oil. 

neg. 

•  • 

•  • 

•  • 

•  • 

Dried  and  muc 

h  thickened. 

Properties  of  Mixed 
Fatty  Acids. 

Sp.  gr.  at —- F.,    . 

•  • 

•  • 

0-8802 

Iodine  value,  . 

•  • 

•  • 

1261 

For  the  constants  of  genuine  rape  oil,  and  the  detection  of  adulteration, 

see  p.  312. 
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Olive  Oil — Olive  oil  is  obwuied  from  the  fruit  of  the  cultirated 
olive  tree,  Olett  Europaea  Sativa,  the  Dumerous  varieties  of  which  are 
grown  chiefly  ia  the  oouutries  bordering  the  Mediterranean,  titso  in 
California  and  other  countries  where  the  cUai&te  is  Buita>)le.  The 
fruit  is  very  rich  iu  oil,  which  is  contained  chiefly  in  the  fleshy 
meeocarp,  but  also  in  the  kernel  and  shell  (endocarp). 

The  finest  olive  oil  is  obtained'  by  hand  picking  the  olives  before 
they  become  too  ripe,  gently  preasiug  them  by  hand  in  cloths, 
and  collecting  the  oil  which  exudes.  The  limited  quantity  of  'virgin 
oH '  thtis  obtained  appears  to  be  used  as  salad  oil,  and  some  of  it 
as  a  lubricant  by  watchmakers;  it  is  purified  by  agitation  with 
water,  allowing  the  mucilaginous  matter  to  subside,  and  skimming 
off  the  clear  oil  from  the  surface.  Uil  nearly  as  fine  b  obtained 
ou  the  loige  scale  by  urushiug  the  ripe  olives  under  millstonea 
or  between  iron  rolls,  usually,  though  not  always,  without 
breaking  up  the  kernels,  and  pressing  the  pulp,  without  heating 
it,  in  bags  or  mats  of  esparto  grass  imder  very  moderate  pressure. 
After  purifying  by  agitation  with  water  and  settling,  this  cold- 
pressed  oil  is  called  'su/ierjine  oil,'  or  frequently  'virgin  oil,'  and  is 
used  chie6y  as  a  salad  oil.  The  once-pressed  marc  is  broken  up  by 
bending  the  mats  back  and  forth  by  hand,  moistened  with  hot  water, 
and  again  pressed,  more  strongly  than  before,  yielding  'ordinari/  oil,' 
or  'oil  of  the  second  pressing,'  which  is  said  to  be  but  slightly 
inferior  to  the  vii^n  oil.  The  twice-pressed  marc,  after  being  stored 
for  a  time  and  allowed  to  ferment  (which  facilitates  the  extraction  of 
the  oil),  is  reground  so  as  to  crush  the  olive  stones,  and  after  being 
stirred  up  with  boiling  water,  is  subjected  to  the  heaviest  pressiuv 
obtainable  with  the  appliances  used ;  oil  of  inferior  quality,  called 
'pffrene  oil 'or  'hagntaea  oil,' 'a  thus  obtained.  The  residual  marc 
still  contains  some  oil,  which  ia  eitraoted  by  means  of  carbon 
djsulphide  or  petroleum  spirit,  and  is  known  as  '  mlplioeafbon  oil.' 
The  last  two  kinds  of  oil  are  dark  green  or  brown  in  colour  (due 
to  the  presence  of  chlorophyll),  consist  largely  of  decomftosition 
products,  are  very  acid,  and  are  fit  ouly  for  soapmaking  or  dyeing. 
Some  of  the  dark-coloured  oils,  even  when  nearly  neutral,  are  of 
inferior  quality  for  lubricating,  owing  to  their  tendency  to  thiokeii 
and  'gum'  on  the  bearings.  Oils  known  as  ' huile  toumante' 
and  'kiiile  d'enfer'^  are  much  decomposed  and  highly  acid  olive 
oils  recovered  from  the  watery  residues  of  the  oil  pressing,  and, 
though  iu  demand  for  dyeing  Turkey  red,  are  quite  unfit  for 
lubricating. 

In  the  refining  of  the  crude  olive  oil,  it  is  sometimes  allowed  merely 
to  rest  in  large  tanks  until  the  'mucilage'  lias  deposited,  undergoing 
during  the  time  more  or  leas  decomposition,  and  often  beooming 
spoiled  for  lubricating.     .Sometimes  the  oil  is  refined  by  washing  wi  *  ' 

'  See  Alder  WriBht,  OiU.  FaU.  fVaxes,  etf.,  seoond  edition,  p.  4 
<  '  Enfer '  is  the  Queo  given  to  th»  atooe  or  tile  cistern  in  whic 
led  for  the  oil  toriae. 
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wal«r  alone,  and   somi^times  it  is    washed    with  caustic   aada..     Id 
Fnuic«  it  is  uBiial  to  HIter  tlie  oil  through  oottoa  or  paper.' 

01iT&keru«I  Oil  win*  formerly  believed  to  be  quite  different  in 
properties  from  oniinary  olive  oil  (the  oil  of  the  mesocarp),  havmg 
a  sharp  and  bitt«r  taat«,  a  dark  green  or  brown  colour,  and  heiog 
readily  soluble  iu  alcohol,  owing  to  the  presence  of  much  free  fatty 
acid  ;  but  it  has  been  shown  by  Klein  ^  that  the  cbaracteriati<;a 
hitherto  assigned  to  olive-kernel  oil  arc  really  thoae  of  ptfrene  oil 
or  baga**es  oU,  the  dark  coloured  and  more  or  less  decomposed  oil 
tiiprCHaed  from  the  stones  and  refuse  of  the  first  and  second  pressing 
of  the  oliroa.  Pure  oliTe-kemel  oil,  prepared  both  by  cold  and  by 
warm  exprc^ion  from  the  kernels  alone,  without  any  admixture  of 
the  pulp,  was  found  to  have  the  following  characters,  as  compared 
with  a  sample  of  •  bagasses '  oil ; — 

Olive-ktmil  Oil.  •  Bagastet'  Oil, 

Sp.  gr.  at  eo"  F„     .        ,        .      0-B18Gto    0-9191  0-928 

Saponificnliuit  v&lne,  per  cent.,     18-33       „  18-38  19*05 

Toditic  vJoe,  .         .  .     87-0         „  S7-8  71 '6 

Free  fatly  acids,  per  cent..  TOO      „     1-76  71-13 

ProtD  these  results  it  appears  that  pure  olive-kernel  oil  is  somewhat 
higher  in  epecitio  gravity  and  iodine  value,  and  lower  iii  saponification 
value,  than  ordinary  olive  oil,  but  it  does  not  naturally  contain  an 
exoess  of  free  fatty  acida,  The  charactera  of  commercial  olive  oil 
must  evidontly  depend  to  some  eitent  upon  whether  the  process  of 
eitmction  baa  or  hua  not  been  sucli  aa  hi  include  the  kernel  oil. 

Ulive  oil  has  been  stated  to  contain  about  38  per  cent,  palmitin, 
67  p«r  cent  olein,  and  5  per  cent,  linolein  (Hazura).  Later  re- 
saircliGii,  however,  have  shown  that  the  proportion  of  glycerides  of 
solid  fatty  acids  in  different  olive  oils  is  extremely  variable,  and 
usually  very  much  less  than  the  above  (Toltmn  and  Munson). 
Stearin  is  absent  {Uehner  and  Mitrhell).  According  to  Hotde,  the 
Mlid  fatty  acids  are  partly  present  as  mixed  glycerides.  Traces  only 
of  arachin  have  been  found  in  genuine  olive  oil,  and  Klein  states  that 
in  olive-kernel  oil  ho  could  find  none. 

For  the  characters  of  genuine  olive  oil  and  the  detection  of  adul- 
teration, see  p.  3IG, 

CAStCff  Oil — Castor  oil  is  obtained  from  the  seeds  of  the  castor  oil 
plant,  ItirinuK  eimvmuni*,  Linn.,  of  which  there  are  numerous 
vsrictic.  Tlie  plant  is  indigenous  to  India,  but  is  also  cultivated 
eit^usivoly  in  the  United  States,  France,  Italy,  Algeria,  etc.  It 
grows  wild  in  Formosa,"  and  the  oil  is  for  the  most  part  wasted ;  but 
in  Java  tlie  plant  is  cidtivated,  and  the  export  of  ca«tor  oil  is  likely 
to  become  an  importAut  industry.*     Two  varieties  of  the  plant  are 

'  A  goDd  dcwriiition  of  th*  alive  oil  mknufMture  in  Frtnce,  by  U.S.  Consiil- 
GeiwnT Skiiiunr,  wu  imUiahad  in  the  Cktm.  Trade  Journal,  xxxi.  {IWi),  p.  G. 

•  Jtnir.  Sof.  CSem.  Jnd..  xni.  (1898),  p,  lOiSB;  Analytt,  ixiii.  (1898).  p.  28», 
■  JoHT.  Sot..  Chan.  lad.,  xii.  (ISfiS),  p.  769. 

•  Ibid.,  liv.  (lSe5),  p.  SSI. 
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hy  |«n*i«n  cnhiTstora,  one  smoU-eeeded  and  the  other 
Tlte  oil  trooi  the  fsnner  ia  the  most  highly  esteemed, 
tDediciDal  purpoee«;  it  is  expressed  from  the 
i  wTthcmt  the  aid  of  heftt  ('  oold-dnwii '),  and  after  careful 
g  hy  be«tti^  with  vater  ie  slmw-yellow  to  greenish-yellow  in 
colcNir,  «Dd  neMily  odotnleae.  Tbe<Hl  (or  lubricating  and  burning  is 
OMstfy  got  from  the  higeaccded  kind,  and  b  eipre»ied  partly  t'uld 
aad  putty  hot.  The  emde  oil  is  refined  by  boiling  it  with  water ; 
nlabfe  mattera  (sbuch,  gtun,  etc)  are  dissolved,  and  albumen  is 
floagolated  ;  the  oil  is  then  (darified  by  filtering  or  settling.  In  India 
sa  anctent  proccaa,  viuch  still  sunives,  consista  of  first  roasting  the 
Medt  to  e«gtil«te  aJbununous  matter  &nd  facilitate  the  extraction 
of  the  oil,  suheeqaentiy  crashing,  boiling  with  water,  and  skimming 
off  the  oQ  wtudi  rises  to  the  surface.  Oil  thus  obtained  is  often 
very  d«ik  in  ocloar,  and  odorous.  It  is  sometimes  exported  in  thia;_ 
oondition,  at  othen  it  is  bleached  by  exposure  to  the  sun,  treata 
with  charcoal,  aod  filtered  through  flaonel  or  paper.' 

Castor  <hI  concastfi  maiuly  of  triricinoleiu,  the  glyceride  of  twi 
iaomeric  hydroxylated  acids,  ricinoleic  and   iaoricinoleic  (C,gHj^Og). ' 
Small  quantities  of  tristetuin  and  of  the  glyceride  of  dihydroxystearic 
acid  (C,,H^O,)  are  also  present,  but  polmitin  and  oleiii  are  absent 

Castor  <u],  in  reiy  cold  weather,  is  liable  to  deposit  a  solid  fat,  but 
it  congeals  only  at  very  low  temperatures.     It  does  not  readily  (f 
on  exposure  to  the  air,  but  turns  rancid  by  oxidation. 

Owing  to  its  peculiar  composition,  castor  oil  ditTera  remarkably  il 
solubility  from  most  fixed  oils.  Thus,  it  is  easily  soluble  in  alcohol^ 
(other  oik  being  but  sparingly  soluble),  and  it  is  almost  insoluble  in 
petroleum  spirit  and  in  mineral  burning  and  lubricating  oils  (iu  which 
other  fixed  oils  are  easily  soluble).  The  ready  solubility  of  castor  oil 
in  alcohol  has  been  mode  the  basis  of  a  valitable  test  for  the  presenosa 
of  adulterants  in  this  oil  (see  p.  'M^). 

The  limited  extent  to  which  caslor  oil  and  mineral  oils  are  mutually 
soluble   is  of  importance  in   the  preparation   of   mixed    lubrica 
containing  the  former.     At  59*  F.  (15°  C.)  castor  oil  is  praclici 
insoluble  in  petroleum  spirit  and  in  burning  oil.     lu  '         ' 
shale  oil,  at  the  same    temperature,  it   dissolves  to   the   extent  < 
about  1-IJ  per  cent. ;  '890'  shale  oil  dissolves  about  2-2  j  per  c> 
of  it;  and  '907/12'  American  mineral   oil   dissolves  rather  m 
Therefore,  at  the  ordinary  temperature,  castor  oil  is  very  sparing! 
soluble  in  mineral  oils  ;  the  solubility  is  greater  the  more  dense  ■ 
viscous  the  mineral  oil ;  it  increases  with  rise  of  temperature  a 
diminisheB  as  the  temperature  falls.- 

On  the  other  baud,  uiator  oil  is  able  to  dissolve  mineral  spirit  a 
mineral   oils   in   proportions    which   decrease  as  the  sp.  gr.  of  t 

I  Jour.  Sot.  Chem.  Init..  lii.  (1SB3),  p.  770. 

■  B;  heatiug  castor  oil  in  an  autoclave  to  iiO'-Vili'  G.  undera  prM 
to  six  atmospberea,  for  aboat  tea  hours,  it  ia  Hsid  to  beeama  miaoible  with  miiini 
oil  in  ftny  proportion.    Eog.  Pat  34935  of  1905. 
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niinei^   oil   iiicreaaes.     The  following   table    sliows   the    niaximuni 
volnmeo  which  were  found  to  give  a  clear  solution  at  59'  F.  (15°  C. 
with  10  o.c.  of  pure  cAstor  oil. 

Tablh  XXI  !1. 

1 

HbicnlOilBnlilojrea. 

«V 

Uulumni  V.>lirii» 
rniicltila  ollh  10  a  tL 
otl..i»Oj.WrOll 

1 

Hinenl  (petruleum)  spirit,  . 

'  Whit*  Koae '  petroWii 

Soolch  shale  oil.    - 

1  Aiaerican  pale  miDeral  oil,  . 

0-788 

0-890 
0-907-0-912 

9-2  e.i:. 
0-5  c,c, 
3-7  C.C. 
3-46  C.C. 
1-7  CO. 

Although   pure   castor   oil   almoat  refuses  to   iiiin    with  minera 
luhricatitig  oil,  ihe  difficulty  entirely  disappears  if  a  tliird  oil  snch  aa 
mpe,  tallow,  or  lard  oil  is  preseut,  a  clear  niiiture  of  the  three  being 
readily  obtained,     hire  castor  oil  mixes  with  refined  rosin  oil  in  al 
[iroportioiis. 

Pahn  Ofl.  -Palm  oil  or  fat,  which  is  used  to  u  limited  eilent  for 
uiakiug  milway  w&goii  grease,  is  obtained  from  the  fleshy  covering 
(mewcarp)  of  the  fruit  of  the  oil-palnia,  £iaw  guiwenxig  and  E 
mplanotvra,  which  flouriBli  in  West  Africa.     Tlie  fruit  is  gathered 
by  the  uativea  and  stored  in  holes  in  tlie  ground  until  the  pulp  haa 
beooine  suflened  by  decomposition  ;  it  is  then  pounded,  and  after  the 
kcmdx  Iiave  been  Keparatod  the  pulp  ia  heated  with  water  until  the 

which  nina  out,  niiied  with  more  or  less  fibre,  dirt  and  water,  is 
collected,  and  fonns  the  palm  oil  of  commerce.     It  ia  not  surprising 
ihat  the  f«t  prepared  In  this  enide  fashion  is  much  deeomposed,  anc 
consists,  always  largely,  often  chiefly,  of  free  fatty  acid.     It  is  on  that 
account  a  must  unsuitable  material  for  making  lubricating  grease 
According  to  de  Schepper  and  (Jeitel,'  the  most  neutral  brands  are 
the  following:    Lagos,  Loando,  did  Calabar,  Gold  Coast,  Sherboro 
and  Uaboon.     The  percentage  of  neutral  fat  ranges  from  58-68  per 
cent,  in  the  first-namod  to  79-93  per  oout.  in  the  lastnaraed  brand. 

Palm  oil  is,  at  ordinary  temperatures,  a  soft  fat  melting  at  aO°-97° 
¥.,  when  fairly  rieli  in  neutral  fat ;  the  presence  of  much  free  fatty  acic 
may,  howttver,  raise  the  melting-poitit  to  108"-109*  F.     The  chiel 
ranwlitnent*  are  free  putmitic  acid,  palniitin  and  olein.  with  smal 
quantitiea  of  liuolein,  stearin,  and  another  fat.     The  colour  varies  from 
yellow  to  deep  red.     The  odour  of  the  fresh  fat  is  pleasant  and  quite 
chaninteristii;. 

Palm  Nttt  Oil -Palm-kemelsountaiu  an  oil  or  soft  fat  which  is 

'  Dinyl.  Point.  Jour.  246,  SKB. 

A5i>  LCBKicurra 


I  oQ,  baving  n 


«Ueh  iouniM  sbd 


I  eiceptionally  lii^ 
«  (M'^SS^  per  cent.}  Mid  a  very  low  iodine  value 
(lO-K-S  per  VSL).     It  iom  not  mppev  to  be  used  as  a  lubricant. 

'  ■"  AoflikobtuDed  from  the  wbiM  pulp  of  tbe 

Mcd  of  tbe  raconut  {wlm  Oxos  nttrifera, 
■dvuK  IB  tke  tnqnal  Pacific  islands,  tbe  West 
bfiea,  tnpioil  Ammiem,  etc  Tbe  otl  ts  obt&ined  either  by  expression 
1  p«lp  (native  metbod),  or  by 
k  Mlvcot  from  the  dried  pulp  ('copra') 
!  lor  the  purpose-  The  chief  use  of 
the  td  is  far  fmAe  sad  usp^nkiu^  but,  according  to  Hurst,  it  is 
taed  as  a  hibocaut  for  Ugbtnmiuig  macbinery  in  India,  and  in  this 
eauatfy  neutral  ommtt  oleine  is  employed  iu  lidmixture  with  mineral 
<nI  as  a  labrieant  far  ^liadks,  looms  moA  other  machinery.  A  brief 
duuiptioB  of  the  oil  is  thmfare  iwfiMiaij 

OaauMrdal  «oeoiiut  a3  ■•  at  ordinaiT  temperaturea  in  this  conotif 
a  soft  vltite  Eat,  Meltiiig  to  m  Unpid  oiJ  at  68  -82°  F.  It  easily  turns 
rancid,  and  nsnal^  coDfeaiDa  a  more  or  less  considerable  quantity  of 
tn»  Eatty  acids,  nnging  from  5  per  cent,  to  as  much  as  25  per  cent.,. 
Moardiii([  to  Lewkowitsck  ft  does  not,  therefore,  poesesa  tha 
properties  of  a  desiisble  lubricant.  Coconut  oil  has  a  comple 
unusual  compositiou,  ooueastii^  lu^ly  of  the  glyc«rides  of  Uuiic  and 
myrHtic  acitk,  vith  some  palmitic  aud  oleic,  aad  a  notable  proportion 
of  n^tite  acids,  eaproic  csprylic.  and  capric  ;  conseqnently,  it  diETera 
remarlubly  from  all  oils  and  fats  except  palm-nut  oil,  which  it  very 
closely  resembles. 

Ben  Oa.' — Ben  or  liebeu  oil  b  exi>resscd  from  the  seeds  or  nuta  of 
Moringa  i>Ur^i/o«i>^i'm(i  atul  ,V.  o/rf'm,  trees  which  are  natives  of 
Egypt,  Arabia.  SjTia,  and  the  East  Indies,  and  which  have  been 
cultivated  for  many  years  in  tropical  America.  The  first-pressed  oil  is 
white  or  pale  yellow  in  colour,  odourless,  and  has  a  sweetish  flavour. 
By  stronger  pressing,  a  darker  coloured  oil  is  obtained,  baring  a  bitter 
and  somewhat  sharp  taste.  Ben  oil  is  said  not  to  become  rancid  by 
long  exposure  to  the  air.  It  is  fluid  at  20*  C,  somewhat  visuid  at 
la'  C,  begins  to  deposit  a  solid  fat  at  7*  C,  aud  solidifies  at  0'  C.  ft 
contains  tbe  glycerides  of  stearic,  palmitic,  behenic  and  oleic  acids. 
That  portion  of  the  oil  which  remains  fluid  at  7*  C  is  used  for  tbe 
hibricatioii  of  delicate  mechanism,  including  watches. 

Hazel-nut  OIL' — This  oil  ia  obtained  from  the  seeds  or  nut«  of 
Corijbu  A  rrll'iiia,  tbe  oommon  hazel.  The  nuts  are  known  as  filberts, 
cobs,  Barcelona  nuts,  etc.  Tbey  contain  50  to  60  per  cent,  of  a  golden- 
yellow  coloured  oil,  which  is  used  to  some  extent  as  a  lubricant  tor 
delicate  mechanism.  The  oil  has  a  characteristic  odour,  and  accord- 
ing to  Haniia  (ZeiU./.  Utderevdi.  Nahr.  u.  ffenmnmittel,  1899,  ii,  (8), 
617)  it  is  composed  of  the  glycerides  of  oleic,  palmitic,  and  stearic 
acids. 

Tallow, — Tallow  is  the  fat  of  certain  niminant  animals,  separated 
■  See  Scluwdlcr,  Technologit  '  iiuJ  Otlt.  m 

!  ■ 
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from  tbe  enreloping  membrunc  of  the  tissue  by  the  prtMjess  of 
ueltiiig  or  'rendering.'  Beef  talluw  is  obtained  fruiii  uxatt,  mutttm 
taliow  from  TAms,  ewes,  buuks,  and  ahe-goats. 

Tbe  rendertug  of  the  fat  on  a  small  scale  ia  ett'ected  by  hcatiug  the 
tiseue,  either  alone  or  with  the  addition  of  water,  in  au  open  pun  over 
a  tire,  continually  stirring  to  prevent  burning,  until  the  niembrane 
hoe  shrunk  together  and  can  be  strained  off;  preferably,  the  pan  is 
hcat«d  by  means  iif  a  steam- jacket,  which  admits  of  more  jierfeut 
control  ot  the  temperature.  On  a  larger  scale,  a  more  complete 
teparation  of  the  fat  from  the  tissue  is  effected  by  heatuig  the  latter 
in  strong  closed  dtgest^ns,  into  which  lite  steam  under  a  pressure  of 
50-70  lbs.  per  square  inch  is  admitted,  and  the  liberated  oil  which 
rise^  to  the  surface  of  the  condensed  water  is  drawn  olf  through  a 
cock,  Another  method  consist*  in  boiling  the  fatty  tissue  in  open 
vcaoelfi  with  water  containing  sulphuric  acid  or  caustic  soda,  by 
either  of  which  the  nitrogenous  membrane  of  the  cell  walls  is  chemi- 
cAlly  broken  down  and  the  fat  hberated.  The  use  of  sulphuric  acid 
would  be  objectionable  in  rendering  tallow  intended  for  lubricating, 
because  it  causes  partial  hydrolysis  of  the  glycorides  and  increaseei 
the  proportion  of  free  fatty  acids :  hut  the  employment  of  caustic 
soda,  which  neutralizes  and  dissolves  the  fatly  acids,  would  be 
advantageous.  In  rendering  tallow  for  lubrication,  the  main  points 
to  be  attended  to  are  to  use  only  fresh  fat,  which  has  not  had  time 
to  undergo  decomposition,  and  to  remove,  by  settling  and  straining, 
all  water  and  fragments  of  membrane  which,  by  subsequent  decom- 
position, might  cause  the  resulting  Callow  to  develop  acidity. 

Neutral  tallow  was,  until  recently,  believed  to  consist  almost 
exclusiTely  of  the  simple  glycerides  stearin,  palmitin,  and  oleiu,  and 
to  bo  softer  in  proportion  to  the  amount  of  oleiu  coiitaiued  in  it.  The 
presence  of  several  mixed  glycerides  has,  however,  now  been  proved, 
and  traeea  of  linolic  and  linolenic  acids  are  said  to  have  been  detected. 
Tbe  reUtivc  proportions  of  stearin,  palmitin,  and  olein  in  tallow 
vanr  according  to  the  nature  of  the  animal,  its  sex,  breed,  age,  food, 
aiitl  the  port  tif  the  btxly  from  whioli  the  fat  is  taken.  The  fat  from 
the  molr  is  usually  harder  tha:i  tliat  from  tbe  female,  and  mutton 
Ulluw  is,  OS  n  rule,  harder  than  beef  taltnw  ;  but,  taking  tbe  average, 
the  proportion  of  oloiu  in  tallow  is  about  46  per  cent.,  and  the 
reouunaor  consists  chiefly  of  stearin  and  palmitin  in  u))Out  equal 
propurtjons. 

Of  lliv  various  descriptions  of  tallow  (Kiutsian,  North  American 
beef,  SfMith  American  beef,  Atistnitiun  beef,  Australian  mutton, 
home  retincd,  etc,),  average  South  American  beef  is  usually  the  least 
add  (nco  p.  ^12)  and,  therefore,  the  best  adapted  for  lubrication 
iind  for  general  application  to  luctnl ;  but  there  is  no  reason  why 
preference  should  be  given  to  any  paiilciilnr  bi-and,  if  the  results  of 
uheuiical  and  physical  testii  piove  tlte  tallow  to  he  genuine  and 
itt  guod  quality. 

Tallow  Oa. — Tallow  at  the  ordinary  temperature  of,  say,  60*-80* 


I" 

flf  «H  and  Said  bts,  tn  wtiich  the  formw 
to  ^ne  the  mppeAnnce  of  solidity 
tlte  fluid  portioii  can  be 
W  or  'taibxt  oleine'  ;  the 
Dd  ia  need  in  the  caodle 
The  Mpuatiaa  ■  hcitilalgd  bj  sDowiiig  the  melted 
to  cool  veiT  ■kwlr,  ■ithotit  disCBotMooe,  in  iarge  tube  at  a 
of  7(^-W  F.;  the  eiTvtellntian  of  the  solid  portion 
■  MK«K  place  in  maaB  gnnrakr  pntides  raembUng  aeeda,  whence 
rwii'i  Ml  it  knmni  (echnie»IlT  •■  'Medin^.'  Some  of  the  fluid 
e  IkBnel  ckCh  placed  upon  perforat«d 
dbtfiktm^am  wear  tbe  bnCtona  of  the  tubs,  the  renwinder  ia  obtained 
h«  MibieriiBg  the  mao^aSd  reeidae  to  [ttcsBure  in  cmiTas  bags,  as  in 
Oie  —iinfMtimi  of  bud  oU  (f.^). 

IWOsw  ofl  dtfins,  dKn&n,  fr>o(B  tallow  chteflj  in  the  proportion  of 

'    t,  and  this  pmportioti,  and  therefore  the  setting- 

charMten,  ancfc  as  the  iodine  ralue^  laust  raiy 

f  to  the  tempcntare  U  which  the  oil  has  been  expressed. 

Tallow  oO,  aa  a  lahncant,  ia  used  chiefly  for  mixing  with  mmeral 

mIs. 

Lud  Ofl. — lAid  oil.  expreaeed  from  rendered  pig's  fat  or  lard,  ix 
prepared  in  a  eimilar  manner  to  tallow  oiL  The  more  or  lees  chilled 
taid  is  placed  in  ckne-teitiired  woollen  bags  tietween  wickerwork, 
and  ia  aabjected  to  moderate  but  long-contuiued  hydraulic  pressure 
{about  lOcwts  per  square  inch  for  eighteen  hours).  As  iu  the  case  of 
tallow  oil,  the  aolidifyiug-point  aud  other  characters  of  the  oil  depend 
upon  the  temperature  at  which  it  has  been  expressed,  winter  pressed 
lud  oil  containing  lees  of  the  solid  coustitueuts  oF  the  lard  than  that 
expressed  in  warmer  weather. 

Prime  lard  oil  is  a  uearly  colourless,  pale  yellow  or  greenish 
coloured  oil,  highly  esteemed  as  a  lubricant,  and  consisting  of  olein 
with  variable  proportions  of  stearin  and  palmitin.  The  vittcosity  is 
the  same  as  that  of  olire  oil.  The  setting-point  may  vary  from 
about  40'  F.  (4  4°  C.)  to  several  degrees  below  the  freesiiiig-point  of 

Neatefoot  OH. — Neatsfoot  oil  is  obtained  by  boiling  the  feet  and 
hocks  of  oxen  with  water.  The  feet  are  first  skinned  '  and  slit 
longitudinally  with  a  kuifc,  which  is  passed  between  the  sections  of 
the  hoof  and  continued  between  the  long  bones.  A  small  mass  of  fat 
found  near  the  hoof  is  scooped  out  with  the  knife  aud  set  apart  for 
the  preparation  of  the  best  quality  of  oil  (see  below).  The  hoofs 
are  washed  in  cold  water,  and  then  boiled  with  water  in  open  pans 
over  a  lire  ;  the  oil  which  rises  to  the  surface  of  the  water  is  skimnied 
off,  and  forma  an  inferior  grade  of  neatsfoot  oil.  After  about  three 
hours'  boiling,  the  tissues  between  the  homy  hoof  and  the  last  digit 
bone  are  sufficiently  softened  to  allow  of  the  latter  being  easily  scooped 
out  of  the  hoof  with  a  knife,  These  'cores,'  consisting  of  bone, 
'  Spon'e  SneycUipetdia,  vol.  iv.  p.  ISSS. 
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HelatiuotK  nuttter,  ami  fat,  togiittirr  with  tbe  somII  mass  of  fat  fouud 
ne&r  the  hoof  referred  to  above  as  being  separated  before  boiling,  are 
put  iato  a  separate  pan  of  fresh  water  and  boilod  ic^ether  for  the 
citraction  of  tbe  best  kind  of  neal«foot  oil.  Teu  neat's  feet  yield 
from  2  to  2J  pintK  of  a  pale  yellow,  nearly  odourless  oil,  which,  on 
staiidiug  in  n  cold  place,  deposits  a  solid  fat.  The  portigi)  which 
remaina  fluid  ab  a  low  temperature  is  used  as  a  lubricant  for  clocks. 
Neatsfoot  oil  was  formerly  much  esteemed  and  largely  employed  as 
a  liihricaiit  for  engines  and  heavy  machinery ;  it  is  now  used,  like 
lard  and  t*]!ow  oils,  chiefly  for  miiing  with  mineral  lubricating  oils. 
The  eitensiye  deinimd  for  neatsfoot  oil  in  the  leather  trade  has 
probably  diminished  its  employment  as  a  lubricant. 

Whale  Oil,— Whale  oil  proper  is  ohtaiued  from  the  blubber  of  tlie 
itreeoIaDd  or  Arctic  'right'  whale,  Balmna  mijetinelm  ■,  but  coni- 
mercial  whole  oil  includes  the  oil  from  the  Southern  right  whale, 
Atf'FiM  J  tM/ro/iV,  and  various  other  species  of  Zia/(sna  and  Bahetiofilera 
(fin-backed  whales)  belonging  to  the  tribe  of  Balfsnotdea  or  wbale- 
boue-yielding  whales. 

Tbe  oil  which  naturally  exudes  from  the  blubber  of  these  animals, 
and  which  is  also  obtained  by  heating  it  with  water,  is  maiuJy 
gljooriflic  in  character,  and  may  be  distinguished  at  once  from  tbe 
sperm  oils  by  its  high  specific  gravity  {above  0-919),  and  by  yielding 
leas  than  4  per  cent,  of  unsapoaifiable  matter.  Whale  oil  even  of  the 
limt  quality  has  marked  drying  properties,  and  is  not  lit  for  use  as  a 
luliricnnt )  it  is  said  to  lie  used  to  some  extent  for  mixing  with 
mineral  lubricating  oil. 

Sperm  (ML  Arctic  Sperm  (Bottlenose)  Oil — These  oils,  obtained 
from  two  ditft'reut  kiiida  (genera)  of  whale  belonging  to  the  family 
Phije'lnriiUv  (toothed  whales  possessing  no  functional  teeth  in  the 
up[wr  jaw)  are  ao  similar  in  composition  and  general  characters 
that  tliey  may  conveniently  be  described  together.  True  sperm  or 
'  Southern  sperm '  oil  ts  obtained  from  the  head-cavitiea  and  blubber 
nf  tho  Cachalot  or  great  Sperm  whale,  Physefer  maerocephalui 
(mbfamily,  Pkytftfrina),  formerly  found  in  all  seas  up  to  70' 
northern  and  southern  latitudes,  but  now  more  scarce,  and  con- 
fined chiefly  to  tlie  Pacific  and  Indian  oceans.  Arctic  sperm  or 
boitlmiowt  oil  ia  obtained  from  the  much  smaller  Bottleuose  whale, 
Hyperiotim  ronfnUua  (aub-faroily,  Wiynehoeeti),  which  is  caught 
principally  in  the  .\rctic  seas  between  Iceland  and  Spitsbergen. 
Both  crude  oils  contain  gpermaceti — sperm  oil  much  more  than 
bottleuose— which  crystallizes  out  on  cooling;  it  is  separated  by 
stnunui)!  the  oil  through  bags,  and  is  used  fur  the  manufacture  of 
spenn  candles.  Sperm  oil  la,  therefore,  liable  to  deposit  spermaceti 
uiihwii  it  has  l>eeu  bagged  at  a  very  low  temperature.  Allen  states 
that  pnieticallv  tbe  whole  of  the  spermaceti  is  deposited  by  cooling 
tl...oil  trt4'C."(39-2°  F.). 

Neither  sperm  nor  bottlenose  oils  contain  glyoeridos  ;  they  consist 
nTki.ir><1v  <>r    <bo  esters  of   mono-hydric  alcohols,  and  are,  therefore, 
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ebemioUy  classed  u  fluid  waxes.  According  to  Lewkowitsch,'  the 
nature  both  of  the  alcohols  and  of  the  fatty  acids  is  at  present 
aakoowiu 

Spenn  (h1  is  p^le  yellow  in  colour,  and  when  of  good  quality  has 
only  a  fiaint  odour.  Unrefined  Arctic  sperm  oil  is  usually  darker  in 
colour  than  Southern  sperm  oil,  and  bias  a  more  or  less  unpleasant 
odour  and  flavour,  but  the  deodorized  Arctic  sperm  oil  of  commerce 
doeriy  resembles  Southern  sperm  oil. 

The  low  <mcosity  of  the  sperm  oils  at  60*  F.  distinguishes  them 
from  many  other  fixed  oils.  With  rise  of  temperature  both  oils 
>««m».;n  their  riscoaity  better  than  other  fixed  lubricating  oils ;  this 
is  dtovn  br  the  following  series  of  ratios,  which  have  been  calculated 
from  Uw  faults  in  Table  XXXIV.  (pp.  162-165). 


T4BLS  XXIT.— Ratiob  or  ViBooairy  of  Spibh,  Olitx,  and 
Rapi  Oils. 

oa. 

m-r.      1     100*  F.     1     iwF. 

■»'■ 

SMrw,    . 

(Siw.,     .... 
R«(*,      .       .       .       . 

Bai*.       .... 

100        !        46-6 
100                38-6 
100        1        39-4 

25-8 
17-3 
17-6 

181 
9-9 
9-8 

ComiwntlTe  Viiootf  Um. 

100        1        440       i        20-2 
100        1        37-4       1        16-3 
100       1       37-7             16-8 

UD 
6-9 

7-2 

Porpoise  J»w  Oa ;  Dolptkin  (BUckflsh)  Jaw  Oil  and  '  Tteltm '  Oil. 
— ThiMe  Tvry  similar  and  remarkable  oils  are  obtained  from  the  soft 
fikt  i:^  the  h«ttd  aud  jaw  of  two  marine  animab  belonging  to  the  family 
MpAiNti'tP.  vii. : — the  common  porpoise,  Delphinua  ptuicama,  and 
the  botll<.'uiw«  dolphin,  Dtiiikinu*  globieepe.  The  fat  is  first  washed 
in  fresh  intter,  then  put  into  covered  tins  and  heated  for  several 
hours  iu  a  closed  digester  with  steam  imder  the  pressure  of  about 
t«u  pounds  per  square  inch.  The  tins  are  then  opened,  and  the 
liberated  oil  is  poived  off'  from  the  coagulated  membrane  and  washed 
with  water.  It  is  then  exposed  to  a  low  temperature,  and  the  portion 
which  remains  fluid  b  separated.  This  oil,  carefully  strained  to 
remove  all  solid  fat,  is  a  straw-yellow,  limpid  liquid.     It  is  sptecially 

Sr«par«d  in  the  United  States  for  lubricating  watches  and  other 
elicate  mechanism,  and  commands  a  very  high  price.  Chemically, 
it  consists  largely  of  the  glycerides  of  valeric  and  other  volatile  fatty 
aoids  of  the  acetic  series. 

*  ICelon  Oil '  derives  its  name  from  the  shape  of  the  mass  of  fat 
'  Anatytit  of  OS*,  tte.,  third  edition,  pp.  863-867. 
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taken  from  the  head  of  the  dolphin,  reaching  from  the  spout-hole  to 
the  end  of  the  nose,  and  from  the  top  of  the  head  to  the  upper  jaw. 
When  taken  off  in  one  piece  it  has  the  shape  of  a  half  water-melon, 
weighs  about  25  pounds,  and  yields  about  6  quarts  of  oil. 

Specimens  of  these  oils,  and  of  the  crude  oils  from  which  they  are 
obtained,  have  been  examined  by  Moore, ^  with  the  following  results: — 


Tablb  XXV.— Properties  of  Porpoise  and  Dolphin  Jaw  Oils. 


ToUl 

DeKriptkm  of  OIL 

Saponi- 
fication 
Value 

Hehner 
Value 

VoIatUe 

FaUy 

Adds  at 

%. 

A' 

Valeric 

1 

Acid  %. 

Porpoise  jaw  oil,  skimmed 

25-37 

72-05 

19-91 

and  strained. 

.  2 

Porpoise  jaw  oil,  skimmed 
and  strained. 

27-23 

68-41 

24-30 

3 

Dolphin  jaw  oil,  skimmed 
and  strained. 

29-00 

66-28 

28-17 

4 

Porpoise     jaw     oil,    un- 
strained. 

14-39 

96-50 

1-64 

5 

Dolphin  body  oil. 

19-73 

93-07 

2-71 

Eeichert 

Value, 

c.c  re- 

quired  by 

S-Sgrmi. 

Iodine 
Value 

47-77 

49-6 

5600 

30-9 

65-92 

32-8 

208 

76-8 

5-60 

99-5 

A  sample  of  porpoise  jaw  oil  examined  by  Steinbuch  had  a 
Reichert-Meissl  value  of  131*6. 

A  small  sample  labelled  '  Superfine  Watch  Oil,*  manufactured  by 
Ezra  Kelley  of  New  Bradford,  Mass.,  obtained  from  a  Derby  watch- 
maker, had  a  pale  golden-yellow  colour,  a  sickly  odour,  and  gave  the 
following  results : — 

Sp.  gr.  at  60'  F.,  0*930. 


Viscosity  at  60'  F. 


'  Thicker  than  sperm  oil  Comparative 
runnings  from  a  5  c.c.  pipette  showed 
the  viscosity  to  be  about  1*3  times  that 
of  sperm  oil ;  =  about  0*55  in  absolute 
measure. 
Reichert-Meissl  value,  115*1. 

Unsaponifiable  matter,  10*6%.   (Easily  soluble  in  90  per  cent,  alcohol,  and 

resembling  in  appearance  the  wax  alcohols 
of  sperm  oil.) 


C— 'BLOWN'  or  THICKENED  OILS. 

These  are  fixed  oils,  usually  rape  or  cottonseed,  artificially  thick- 
ened by  a  process  of  limited  oxidation,  which  consists  in  forcing  a 
current  of  air  through  the  heated  oil.     The  oil,  contained  in  a  tall 

^  Jour,  Amer.  Chem,  Soc,,  xi.  (1889),  p*  165. 
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cylindrical  into  resid,  is  first  raised  to  a  temperature  of  about 
170'  F.  by  «  st«MD-coU.  Air  is  then  blown  through  it  in  streams  of 
bobbles,  at  fint  cautiouslr,  to  avoid  too  rapid  a  rise  of  temperature 
•Dd  frotiung  orer  of  the  contents  of  the  vessel,  afterwards  more 
TigorouslT  until  the  ret^uired  riaoosit;  is  attained.  Steam  is  shut 
off  before  oommeocing  to  blow  air,  as,  by  the  process  of  oxidation, 
suSdent  be>t  is  evolved  not  only  to  maintain  but  to  raise  the  tempera- 
ture of  U>e  (hI,  and,  in  cmier  lo  aroid  too  great  a  rise  of  temperature, 
provisioa  should  be  made  for  passing,  if  necessary,  a  current  of 
ooM  wxter  through  tbe  sUaun-ooU.  Veibch  Wilson  states  >  that  the 
temperature  is  usually  allowed  to  rise  to  from  200'  F.  to  250'  F., 
aocoiding  to  whether  the  quality  of  the  product  or  the  time  occupied 
in  the  process  is  of  the  greater  importance ;  the  time  may  thus  vaiy 
frotu  <agfat«en  lo  forty-eight  hours.  Very  irritating  vapours,  con- 
taining acetic  and  acirlic  acids,  arc  given  off  during  the  process,  and 
are  conveyed  away  by  a  pipe  in  the  cover  of  the  vessel. 

Oils  thus  treated  increase  in  density  as  well  as  in  viscoeity,  and  the 
Mowing  is  continued  until  the  desired  specific  gravity  is  attained. 
According  to  Vcitch  Wilson,  the  blown  oils  produced  commercially 
for  lubrication  range  in  specific  gravity  from  0955  to  0985  at  60° 
P-,  and  their  viscosity  at  180*  F.  ranges  from  that  of  castor  oil  at 
60*  F.  to  about  four  or  fire  times  that  of  castor  oil.  Jenkins  states 
that  blown  oil  of  sp.  gr.  0'975  at  60'  F.,  which  is  largely  used,  has  at 
140*  F.  about  double  the  viscosity  of  rape  oil  at  60*  F.,  and  about 
ten  times  tliat  of  rape  oil  at  1 40*  F. 

Blown  oils  have  a  characteristic  nauseous  odour.  Though  sparingly 
soluble  in  alcohol,  they  are  somewhat  more  soluble  than  the  untreated 
oil&,  and  they  readily  dissolve  in  petroleum  spirit.  They  do  not  mix 
with  mineral  lubricating  oils  in  all  proportions,  a  certain  minimum 
amoimt  (usually  20-30  per  cent.)  of  blown  oil  being  necessary  to 
give  a  clear  solution :  this  minimum  is  greater  the  lower  the 
temperature,  so  that  a  mixture  which  is  clear  when  warm  may 
separate  on  cooling,  and  it  varies  according  to  the  specific  gravity  and 
origin  ))Oth  of  the  mineral  oil  and  of  the  blown  oil. 

The  nature  of  the  chemical  changes  which  occur  during  the 
blowing  process  has  been  studied  by  Foi  and  Baynes,*  Thomson  and 
Ballantync,'  and  Lewkowitsch,<  but  is  still  imperfectly  understood. 
Hydroiylated  compounds  are  formed,  the  acetyl  value  of  the  oil 
largely  increases,  and  the  iodine  value  diminishes.  Glyeerides  of 
insoluble  fatty  acids  become  largely  converted  into  glyeerides  of 
soluble,  chiefly  uoii-volatilc  acids,  and  the  saponification  value  of  the  oil 
is  increased.  There  is  an  increase  of  U  to  2  per  cent,  in  the  free  fatty 
acids,  but  the  percentage  of  unsaponifiable  mattere  is  not  much 
changed.  The  evolution  of  heat  in  MaumerW''s  test  is  also  much 
increased.     The  mixed  fatty  acids  from  blown  oils  arc  largely  oiidiwd 

'  Carjienter  aud  Leask,  Soap,  Candia,  Liiiricaiits,  etc.,  pp.  268-272. 

'  AmdijU,  xa.  (1887),  p.  33.  •  Jour.  See  Chem.  lad.,  iL  (1802),  p.  S06. 

•  Analyit,  iiiv,  (1889),  p.  323  ;  iivii.  (19021   -    ""i 
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acids  insoluble  in  petroleum  ether,  and  are  also  found  to  contain 
lactones.  Jenkins  finds  that  the  melting-point  of  the  mixed  fatty  acids 
generally  remains  sufficiently  near  that  of  the  acids  from  the  original 
oil  to  indicate  the  nature  of  the  latter.  The  results  in  Table  XXVI. 
were  obtained  by  Thomson  and  Ballantyue,  and  those  in  Table 
XX VI A.  by  Lewkowitsch. 

Tablk  XXVI.—Chbuical  Chahoes  produced  bt  Blowing. 
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The  blown  oil»  chiefly  produced  for  the  muuufucture  of  lubricauto 
are  blown  rape  oil,  blown  ravison  oil,  blown  mustard  oil,  and  blown 
cottonseed  oil  or  '  lardine.'  Cottonseed  oil  ia  the  most  easily  thickened 
by  blowing,  but  the  blown  oil  is  inferior  as  a  lubricant  to  blown  nipc 
■or  mustard  oils.  Blown  cottonseed  oil  is  frequently  more  or  less  turbid, 
and  deposits  a  aedimetit  on  standing.  Blown  cottonseed  oil  does  not 
mil  so  freely  with  mineral  oil  as  blown  rape  or  mustard  oil,  and  the 
miscibility  of  all  oils  becomes  less  the  more  they  arc  blown.  Blown 
■oils  mix  more  readily  with  Russian  and  Scotch  than  with  American 
ioineral  oils. 
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T&OLK  XXV!a.— Chabactbrb  of  Comubrcul  Blows  Oils. 
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Blown  oils  ill  admixture  with  mineral  oils  are  verj-  largelj  iisad 
aa  lubricants;  aud  for  certain  purposes,  such  as  the  lubrication  cf 
marine  engines,  such  mixtures  appetir  to  supply  a  distiuct  want> 
The  mineral  oils  entering  into  their  oomposition  are  usually  those  of 
low  or  moderate  viscosity.  Whether  such  mixtures  are  as  suiubla 
for  railway  work  as  those  produced  by  mixing  mineral  oils  of  greater 
viscosity  with  ordinary  refined  vegetable  or  animal  oLs,  such  as  rape 
oil  or  tallow  oil,  has  never  been  satisfactorily  proved,  so  for  as  Um 
autboni  are  aware.  Nevertheless,  it  is  a  fact  that  some  large  railmy, 
companies  use  one  kind  of  mixture  and  some  the  other. 


D.— fiOSIH  OIL. 

llosiu  oil  is  the  principal  product  of  the  destnictive  distillation  of 
common  rosin  or  colophony.  The  distillation  is  conducted  in  cast- 
iron  stills  heated  by  a  fire  below.  The  charge  of  rosia  varies  from 
3  to  10  tons.  The  lirst  portion  of  the  distillate,  boiling  lietween  SO* 
and  250°  C.  (176°  and  482"  F.)  and  amouuting  to  about  2^  to  &  per 
cent,  of  the  weight  of  the  rosin,  is  a  very  complex,  limpid  liquid,  known 
as  resin  spirit,  which  is  used  for  making  varnish  and  fur  the  adultera- 
tion of  oil  of  turpentine.  This  is  followed,  nt  a  temperature  above 
300"  C.  (572°  F.),  by  the  rosin  oil,  which,  if  the  distillation  he  pushed 
to  dryness,  may  amount  to  85  per  cent,  of  the  total  products.  About 
2  J  per  cent,  of  water  containing  a  little  acetic  acid  passes  over  during 
the  distillation,  and  a  considerable  quantity  of  gas  is  given  off,  con- 
sisting  of  oxides  of  carbon,  and  hydrocarlxins  of  the  ethylene  series. 
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A  residue  remains  in  the  atill,  coasisting  of  either  pitch  or  coke, 
according  to  the  stage  at  which  the  distillation  is  arrested. 

Crude  rosin  oil  is  a  viscid  liquid  of  more  or  less  dark  hrowu  colour, 
with  a  strong,  usually  blue  or  violet,  fluorescence.  It  always  cou- 
taiuB  a  considerable  proportion  of  rosin  acids  which  havci  distilled  over 
unchanged.  By  heating  to  a  tenaperature  of  ICO*  C.  (303°  F.)  for  three 
or  four  hours,  the  last  traces  of  spirit  are  removed,  the  oil  loaes  from  I 
to  6  per  cent,  in  weight,  and  acquiren  a  green  fluorescence.  By  well 
boiling  with  water  to  expel  acetic  acid,  and  rodistilliiig  once  or  twice 
from  catifitic  soda,  refined  rosin  oils  arc  obtained,  which  arc  pale  in 
colour.  The  fluorettoence  or  bloom  is  destroyed  by  exposing  the  oil  to 
the  air  and  sunUght  in  shallow  vessels,  or  by  treatment  with  hydrogen 
peroxide,  nitro-naphtbalene,  etc. 

Couimercial  roain  oils  usually  range  in  specific  gravity,  according  to 
Lewkowitsch,  from  about  0'96  to  0'99.  but  oils  are  met  with  having 
a  specific  gravity  as  high  as  I'Ol.  Rosin  oils  are  strongly  dextro* 
rotatory,  the  rotation  varying  from  30  to  40  degrees  or  more  in  a 
100  mm-  tube.  These  properties,  their  ready  solubility  in  acetone, 
and  certain  colour  reactions,  are  made  use  of  to  distinguish  rosin 
oils  from  mineral  oils  (see  p.  295). 

Rosin  oils,  when  titrated  with  alcoholic  potash,  neutraline  an  amount 
(if  alkali  which  varies  according  to  the  quantity  of  rosin  acids  they 
contain.  According  to  Leeds,'  the  crude  oils  neutralize  from  2'S  to 
4'4  per  cent,  of  potash  (KOH),  but  by  careful  distiUation  or  reflnlug 
they  can  l>e  obtained  almost  neutral.  Esters  or  anhydrides  are  also 
pretient,  which  do  not  neutralize  alkali  in  the  cold,  hut  can  be  saponi- 
fied by  boiling  with  potash,  as  in  determining  the  saponifi cation  value 
(p.  231).  The  r(»in  acids  can  \te  obtainerl  from  the  soap  solution, 
gmri metrically,  by  acidifying  and  shaking  with  ether,  after  removing 
the  neutral  rosin  oil  as  described  in  Chapter  VIl.,  p.  224.  Owing  to 
the  presence  of  rosin  acids,  commercial  rosin  oil  has  the  property  of 
cumbining  with  calcium  hydroxide  and  other  bases,  forraing  peculiar 
)P^uuiy  iKidies.  Thin  property  is  utilized  in  the  manufacture  of  ronin 
•ji-aut  (see  p.  129), 

The  obemical  comixsition  of  rosin  oil  is  not  fully  known.  Accord- 
ing to  Itenard,-  the  neutral  oil,  purified  from  acid  substances  by  wash- 
ing with  caustic  soda  solution,  consists  to  the  extent  of  about  80  per 
cent,  of  .lilerebf-nl/ii/l  (C„,Hj,,)  iMjiling  at  343*-346'  C.  (649-655'  F.) ; 
about  10  i>er  cent,  is  •lUrrch'^i/Ai/lene  (C^H2,),  and  about  10  per 
DonL  <Mtei-ne  C.'^ijHjp).  The  hydrocarbon  C^oHj^  obtained  by  Renard, 
wh«i  exposed  to  the  air  in  thin  layers  for  five  days,  absorbed  about 
one-ICDtb  of  its  weight  of  oxygen,  and  dried  to  a  viiniish. 

Rcwn  oil  ia  used  as  a  lubricant  for  batching  jute.  It  is  not  suitable 
for  the  lubrication  of  machinery,  but  ta  used  to  adulterate  mineral  and 
other  luliriottting  oils.  The  motlinds  for  its  detection  are  given  in  the 
chaptoni  following. 
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K.— LUBRICANTS  CONTAINING  SOAP.    6EEASES. 

Soap- thickened  Oils. — Mineral  oils  are  liomelimea  artiticia] , 
thickened  by  dissolving  soap  iu  them.  Alumiiiitim  aoap  is  uauall; 
employed  for  this  purpose.  It  is  prepared  by  saponifyiug  whale, 
cottonseed,  or  lard  oil,  or  by  ncutraliiing  commercial  oleic  acid,  witb 
(.■aiistie  aoda,  and  pouring  the  solution  of  soda  soap,  gradually,  into  a 
solution  of  common  alum,  stirring  all  the  time.  Crude  aluminium 
oleate  separates  out  as  au  insoluble,  gimimy  precipitate,  which  ta 
pressed  fi-oe  from  water  and  heated  with  about  four  times  its  weight  of 
mineral  oil  until  dissolved.  The  gelatinous  material  thus  produced 
is  sold  for  thickening  oils  under  the  names  'vixorti,'  'oil-pulp'  or 
' Ihifkener,'  'gelatin,'  etc.  A  comparatively  small  quantity  melted 
into  a  mineral  oil  will  considerably  increase  its  a[^rent  viscosity. 

Mineral  oils  thickened  in  this  way  can  easily  be  rec«^ized  by  the 
tendency  to  form  threads  when  the  oily  cork  is  removed  from  the 
Ijottle,  and  by  their  peculiar  non-homogeneous  appearance,  resembling 
a  mixture  of  oil  and  jelly.  The  spurious  viscosity  rapidly  diminishes 
when  the  oil  is  heated.  Schweitzer  regards  this  addition  to  mineral 
oils  as  pure  adulteration,  and  states  that  experience  has  shown  that 
in  contact  with  water  and  steam  the  aluminium  soap  is  precipitated 
and  clogs  the  machinery.  Un  the  other  hand,  Bloede  states  that  it 
the  presence  of  ahimiuium  soap  the  adherence  of  the  lubriuuit  ^ 
metal  surfaces  is  much  increased. 

Aluminium   soap  is   not  the  only  soap    useii   aa  a  thickener. 
sample   of    thickened  oil  analysed  by  one   of   the  authors  had  I 
following  composition  : — ■ 

RuEaiau  mineral  oil  (0-909).  ....  97*08 

Neutral  fixed  oil '98 

Fatty  acids  as  snap,  etc,        ....  1'97 

Ash,  chiefly  CaCOj,                        ...  -12 

99^ 

In  this  case,  about  2  per  cent,  of  lime  soap  was  the  thickener  u 
The  Russian  oil,  treed  from  soap  by  washing  with  hydrochloric 
had  a  viscosity  at  60'  F.,  about  three  times  that  of  refined  rape  oil. 
The  2  per  cent,  of  soap  made  it  so  viscid  at  60°  F.  that  it  would  not 
flow  through  the  viscometer.  The  sample  had  the  appearance  of  a 
non-homc^neous  mixture  of  jelly  and  oil,  and  formed  threads  i 
dropping. 

Soap-thickened  Greasea. — Under  this  name  may  be  included  t 
various  greases  which  consist  of  mineral  oil  thickened  with      ~ 
Hoap  to  form,  at  ordinary  temperatures,  a  consistent  grease.    The  ai 
usually  employed  for  this  purpose  are  lime,  soda,  or  lead  soaps,  b 
with  various  fata  and  nils.     T.  J.  Redwood '  has  described  in  detail] 
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process  of  manufacturing  a  grease  of  this  kind  from  mineral  oil,  horse 
fat,  and  lime,  from  which  the  following  is  abbreviated. 

The  fat  is  melted  in  a  steam-jacketed  kettle  provided  with  a 
mechanical  stirrer,  and  is  raised  to  a  temperature  of  about  180*  F. 
Cream  of  lime  is  then  added  in  sufficient  quantity  to  saponify  the  fat, 
the  cover  is  put  on,  and  the  whole  is  boiled  and  stirred  until 
saponification  is  complete  and  a  little  of  the  soap  rubbed  down  in 
the  palm  of  the  hand  exudes  only  a  few  minute  drops  of  water.  A 
portion  of  the  mineral  oil,  at  a  temperature  of  about  190*  F.,  is  then 
slowly  sprayed  on  to  the  soap  in  the  kettle,  and  is  thoroughly  incor- 
porated with  it  by  continual  stirring ;  a  further  quantity  of  mineral 
oil  is  then  sprayed  in  cold,  until  the  desired  consistency  is  reached. 
After  continuing  to  stir  for  about  half  an  hour  longer,  the  still  hot 
contents  of  the  kettle  are  run  off  through  a  cooling  pipe  into  a 
grinding  mill,  in  which  all  lumps  are  reduced  and  the  grease  is  made 
of  a  uniform  smooth  consistency.     It  is  then  packed  in  casks. 

Redwood  states  that  '  cup '  greases  are  usually  thickened  with  a 
soap  made  from  either  horse  fat,  cottonseed  oil,  or  rape  oil,  saponified 
with  lime  as  above  described.  '  Engine '  greases  are  thickened  with 
a  soap  made  from  tallow  oil  or  lard  oil  and  caustic  soda,  and  often 
contain  neatsfoot  oil,  Japan  wax,  beeswax,  etc.,  in  addition.  The 
latter  greases  are  paler  in  colour  and  firmer  in  consistency  than  those 
made  with  lime  soap.  They  frequently  contain  excess  of  caustic  soda, 
which  becomes  converted  into  carbonate  of  soda  and  is  liable  to  cut 
the  bearings.  All  these  greases  may  be  scented  with  nitro-benzene, 
which  is  added  when  the  grease  is  in  the  mill,  for  the  purpose  of 
disguising  the  fat  used  in  making  the  grease ;  it  serves  no  useful 
purpose,  but  is  rather  detrimental  than  otherwise.  These  greases  may 
also  contain  solid  lubricants,  such  as  graphite,  talc,  etc.,  or  mere 
filling  materials,  such  as  barytes  and  chalk.  The  following  are  a  few 
analyses  of  greases  of  this  kind : — 

Table  XXVII.— a.  Lime  Soap  Qrbases.    (Axle  Greases.) 


Mineral  oil  (0-885-0-912),       . 
Fixed  oil  or  fat, 
Fatty  anhydrides,  . 

Lime, 

Water,  by  difference, 

1. 

2. 

3. 

4. 

5. 

81-8 

•  •  • 

8-7 
1-3 
8-2 

72-5 

•  •  • 

111 

1-5 

14-9 

73-4 
1-4 

121 
2-6 

10-5 

720 
0-5 

17-6 
1-9 
8-0 

74-6 
0-4 

17-6 
1-5 
Gl* 

1000 

1000 

100-0 

100-0 

100-1 

Determined. 
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6.  Soda  Soap  G&iabes. 


Minend  oQ  (0'88e-0-899X 
Fixed  oil  or  fat. 
Soda  floap  (anhydrous),  . 
Sodinm  silicate, 
Sodimn  carbonate, . 
Sodinm  snlphate,   . 
Water,  by  difference. 

1. 

2. 

3. 

66-00 

8-97 

1611 

•  •  • 

319 

1-67 

16-06 

70-93 
2-02 
9-30 
610 

•  •  • 

•  •  • 

11-65 

42-81 

34-38 

16-37 

4-76 

•  •  • 

•  •  • 

1-68 

100-00 

100-00 

100-00 

e.  Lead  Soap  Qrease. 

Mineral  oQ (0-900X 480 

Neutral  fat, 8*7 

Fatty  acids, 2-6 

Resin  acids, 9*9 

Lead  oxide, 3-0 

Lime, 09 

Water, 272 

100-3 

Railway  Wagon  Grease. — The  yellow  grease  used  in  the  axle- 
boxes  of  railway  wagons  is  composed,  usually,  of  tallow,  palm  oil, 
soap,  and  water.  Lant  Carpenter  states  that  a  grease  containing 
from  ri  to  1-2  per  cent,  of  soda  has  been  found  to  give  the  best 
results.  The  tallow  and  pahn  oil  are  heated  to  180'  F.  (82'  C),  and 
a  solution  of  the  carbonate  of  soda  in  the  water  heated  to  'IW  F. 
(93-5*  C.)  is  allowed  to  flow  into  the  melted  oil ;  the  whole  is  then 
well  stirred  together  and  run  into  large  tubs  to  cool  slowly.  The 
following  formulae  for  greases  of  this  kind  are  said  to  have  stood  the 
test  of  successful  experiment : — 


Table  XXVIII.— Formulae  for  Railway  Wagon  Grease. 


4      I, 


Materials. 

Summer. 

Medium. 

Winter. 

Tallow, 

Palm  oil,        .... 

Sperm  or  colza  oil, . 

Soda  crystals. 

Water, 

220 

120 

1-0 

50 

60-0 

20-0 

12-0 

1-5 

50 

61-5 

18-0 

120 

2-0 

50 

630 

100-0 

100-0 

100-0 
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The  soda  crystals  (aadiiim  carbonate)  iti  the  above  formula:  would 
have  the  ufreot  of  neutralizing  and  forming  a  more  or  less  perfect 
soap  with  the  free  fattj  acida  coataiued  in  the  palm  oil  aud  tallow, 
but  it  would  probably  be  better,  instead  of  adding  a  fixed  weight  of 
sodium  carbouaUs,  to  add  sufficient  oauatic  aoda  to  neutralize  the 
free  acid  ai^tuall;  present  in  the  fat  used. 

Sometimes  a  manufactured  soap  made  from  palm  oil  is  used ; 
thus,  the  grease  used  on  the  MitUand  Railway  was  formerly  made  by 
dissolving  6  cwt.  of  palm  soap  in  twice  its  weight  of  water,  and 
addiug  to  the  soap  solution  G  cwt.  of  tallow  and  2  cwt.  of  palm  oil. 
The  well-stirred  mixture  was  run  into  shallow  iron  pans,  in  which  it 
was  stirred  with  wooden  paddles  until  set.  The  palm  oil  is  now 
replaced  by  a  dark  mineral  oil,  the  process  of  manufacture  remaining 
in  other  respects  the  same.  The  following  is  the  percentage  com- 
poeition  of  this  grease,  allowing  2^  per  cent,  for  loss  hy  evaporation 
of  water  during  manufacture  : — 

Tallow, 23-3 

Palm  oil  or  mineral  oil,    ,         ,         ,         .         .       7-8 

Dry  soap, 163 

Water,     .  .     52'6 

lOO'O 

In  an  eiperiment  made  on  the  Great  Western  Railway  in  1865, 
under  the  direction  of  Mr.  Clayton,  late  Carriage  and  Wagon  Super- 
intendent of  the  Midland  Railway,  a  train  of  passenger  carriages 
lubricated  with  axlo-grease  ran  4999  miles  in  fonr  weeks  without 
replenishing  the  aile-boies,  and  at  tbe  end  of  that  time  about 
66  lbs,  of  grease  had  been  used.  This  quantity  was  equivalent  to 
21  ouucea  of  grease  per  100  miles  for  the  whole  train,  or  3t  ounces 
for  each  carriage,  or  less  than  1  ounce  of  grease  per  axle-box  per 
100  train  miles. 

A  good  wagon-axle  grease  should  melt  at  100°-110*  F.,  without 
separating.  Cup  greases  which  melt  at  higher  temperatures,  and 
from  which  the  mineral  oil  separates  and  leaves  tbe  soap,  arc 
unsuitable  for  railway  wagons. 

Wagun  grease  is  sometimes  adulterated  with  china  clay.  A  sample 
examined  by  one  of  the  authors  contained 

F«tty  matter  and  aoap,    .         .  .         .     20'8 

China  clay.      .  .    19-3 

Water,    .  .    89-0 

lOQO 

Bcsidiai  being  a  poor  lubricant,  this  grease  caused  tnmblo  through 
the  ohiiia  olay  accumulating  in  the  boxes. 

Bostn  Oreftse.— Itnsin  grease  is  made  by  stirring  together  rusln 
oil  and  slaked  lime.  One  method  of  preparation  consists  in  stirring 
the  rosin  oil  with  about  three-fourths  of  its  weight  of  slaked  lime 
made  into  a  cream  with  water.    The  mixture  rapidly  solidifies,  ex- 
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pelting  the  superfluous  water,  which  is  run  off,  and  the  grease  is 
then  diluted  by  graduallj  stirring  Id  a  further  quantity  of  oil,  ustit 
the  desired  oonaiatency  is  attained.  The  oil  used  for  diluting  may 
be  roein  oil,  petroleum,  or  neutral  ooal-tar  oil  ('  grease  oil ').  Grease 
is  also  made  bv  mliing  dry  slaked  lime  with  rosin  oil,  without  water, 
also  by  miTing  the  lime  with  mineral  or  coal-tar  oil,  and  adding  the 
rasin  oil  afterwards.  Barytas,  gypeum,  whiting,  and  other  tilling 
materials  are  also  ecMuetimes  added. 

I.  J.  Redwood  describes  the  following  method  of  making  a  'tet '  or 
axle-grease  from  roain  oil  and  mioeral  oil : — -Dry  sifted  slaked  lime 
and  twice  its  weight  of  mineral  oil  are  thoroughly  stirred  t<^ther 
for  several  hours,  until  a  perfectly  uniform  mixture  is  produced.  A 
certain  quantity  of  this  prepared  liquid,  called  the  '  lime  part,'  is  run 
into  a  barrel  or  other  receptacle,  and,  whilst  being  vigorously  stirred 
by  means  of  a  perfoi«ted  metal  disc  attached  to  a  handle,  which  is 
worked  up  and  down  in  the  barrel,  the  roeiu  oil  or  '  set '  is  quickly 
Tvn  in,  and  the  whole  is  stirred  for  a  few  seconds  and  then  allowed 
U>  remain  at  perfect  rest  until  thoroughly  set,  which  will  take  place 
in  from  five  to  fifteen  minutes. 

The  fonoatiou  of  roein  grease  has  been  attributed  to  a  supposed 
property  possessed  by  the  unsaturated  hydrocarbons  contained  in 
roein  oil  of  combining  directly  with  lime  and  other  bases.  This, 
however,  is  not  the  true  explanation.  Crude  rosin  oil  invariably 
contains  a  considerable  percentage  of  rosin  acids  (undecomposed 
colophony),  which  hare  distilled  over  with  the  hydrocarbons,  and  it 
is  the  combination  of  these  acids  with  the  lime,  forming  a  soap  when 
the  neio  oil  and  the  lime  are  stirred  together,  which  is  the  real  cause 
of  the  formation  of  roein  grease.  Retined  rosin  oil,  which  has  been 
freed  from  roeiu  acids,  is  incapable  of  forming  a  grease  with  lime ; 
on  the  other  hand,  the  larger  the  peroentage  of  rosin  acids  contAined 
in  the  crude  rosin  oil,  the  stifTer  the  grease  which  can  be  formed.* 

Roein  greases  arc  used  to  lubricate  the  iron  axles  of  colliery  trucks 
and  ordinary  road  vehicles.  They  are  not  suitable  for  brass  bearings, 
on  account  of  the  rapidity  with  which  the  grease  oeeHJiet  under  the 
influence  of  heat  and  friction.^  The  composition  of  rosin  grease  is 
shown  by  the  following  analyses : — 

Hydrocarbon  oil  {0-954), 87-7 

Ruein^ ,3-7 

Slaked  lime  (Ca(OH),) 6-4 

Water,  by  differeni*, 2-2 

lOOO 

Hydrocarbon  oil  (0-962), 866 

Bosin, 7-0 

Slaked  lime  (C»(OH),) 4-5 

Water,  etc., 1-9 

100-0 

'  Arohbutt,  Jour.  Soc.  Chem.  ItuL,  zx.  (IMl),  p.  1198. 

'  MilU,  Dalruetivt  Ditli'  98. 
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Even  roein  grease  is  adulterated.  One  of  the  authors  once 
examined  a  grease  of  this  kind,  sold  for  lubricating  colliery  trams, 
which  contained  nearly  50  per  cent,  of  calcium  sulphate  and  25  per 
cent,  of  water. 

Screwing  and  Drilling  Liquids. — The  liquid  used  for  lubricating 
cutting  tools  is  usually  a  solution  in  water  of  soft  soap  and  soda. 
The  liquid  used  at  one  works  is  made  by  boiling  in  100  gallons  of 
water  18*5  pounds  of  soda  and  15*5  pounds  of  soft  soap.  Another 
lubricant  of  this  kind  was  found  by  analysis  to  be  a  solution  of  rosin 
soap  in  roein  oil.     It  liad  the  following  composition  : — 

Roein  oil, 749 

Rofiin  acids, 23*5 

Soda(Na,0), 1*5 

Oxide  of  iron  and  lime, •! 

100  0 


Another  liquid,  which  readily  formed  an  emulsion  with  water,  w^as 
composed  of 


Mineral  oil,      . 

Fixed  oil, 

Free  fatty  acids. 

Soda  and  ammonia  soapB, 

Water,     .... 


54-2 
1-4 
16-2 
11-7 
16-5 

1000 


Hot-neck  Greases. — These  greases  are  frequently  made  from  still 
residues,  such  as  stearine  pitch,  wool  pitch,  mineral  pitch  from  the 
distillation  of  American  crude  petroleum,  Russian  mineral  pitch  or 
goudron,  either  alone  or  mixed  with  heavy  mineral  lubricating  oils, 
and  thickened  with  rosin  grease,  soap,  etc.  Coal-tar  pitch  and 
Trinidad  pitch  are  also  used.  Some  of  the  best  hot-neck  greases  are 
composed  of  heavy  mineral  lubricating  oils  thickened  with  soap. 


CHAPTER  VI. 


A.— VISCOSITY  AKD  VISCOMETST. 

The  meaning  of  viscoeity  baring  been  eipUined  and  the  aubject 
diflctuwed  generally  in  Chapter  II.,  the  methods  of  mettBuring  the 
viscosities  of  oils  and  other  liquids  ('rueom^ry')  will  alone  be 
considered  here.  Various  methods  have  been  proposed,  based  upon 
such  obHervations  as  the  rate  of  ascent  of  air-bubblea  or  hollow  glass 
spherctf  in  the  liquid ; '  the  torsional  vibration  of  a  disc  in  its  own 
plane  when  simpcaded  by  a  wire  and  immersed  in  the  liquid  ;*  the 
speed  of  rotation  of  paddle  wheels,  cylinders,  etc,  immersed  in  the 
liquid  and  kept  in  motion  by  a  falling  weight,'  etc,  etc  The  most 
aueiirate,  and  the  most  generally  employed  method  for  exact  work,  is 
that  of  I'oiseuille,  in  which  the  rate  of  flow  of  the  liquid  through  a 
capillary  tube  under  known  conditious  of  temperature  and  pressure 
is  nioasured.  For  commercial  purposes  the  comparative  viscosities  of 
lubricating  oils  arc  usually  ascertained  by  measuring  and  comparing 
the  rates  of  discharge  ('efflux  velocities')  of  the  oil  and  of  some 
Mtanditrd  liquid  from  a  small  orifice  or  jet ;  in  the  United  States, 
however,  Doolittle's  Torsion  Viscometer  is  a  good  deal  used. 

Wo  shall  commence  with  a  description  of  the  method  of  Poiseuille ; 
for  although  that  method  has  not  cotne  into  general  use  for  com- 
inoroinl  purposes,  it  has  occasionally  been  thus  employed,  and  we 
have  used  it  for  determining  the  viscosities  of  mixtures  of  glycerol 
and  water  from  which  the  table  on  pp.  liO-H.*)  was  constructed. 

Absolute  Tiscometry. 

Drterminatian    of   Viseonty    in    Absolut':    Meature.* — Poiseuille's 

method  of  viscometry  depends  upon  the  following  facts,  which  he 

provod  experimentally  : — (1),  that  the  rate  of  flow  of  liquid  through 

'  Mills.     Se«  Redwood,  FdroUiim,  tint  edition,  t 

*  Doolittle,  Jour.  Amtr.  Chan.  Soc.,  iv.  (1893),  ] 
/Hi-.iii.  (18fiS),p.  709, 

'  Napier  and  CockrelL     See  Redwood,  PdroUmi,  firat  editioD,  vol.  ii.  p.  fll9. 

•  Sm  p.  18. 
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a  capiUarjr  tube  of  aultoble  dimeoaioDa  is  praportional  to  the  pressure, 
Mid  inversely  propurtional  to  the  leugth  of  the  tube  ;  and  (2),  that  the 
nt«  or  Bovi  throuf^h  a  uipillsrv  tube  of  cylindrical  bore  is  proportional 
t»  the  foorth  power  of  the  radius  of  the  bore.  Prof.  Osborae  Reyaolds 
has  shown '  that  to  ensure  these  coiiditious  of  steady  viscous  flow  the 

pruportiotis  of  the  tube  must  be  such  that  S —  is  leas  tliau  TOO,  where 

V 
r^  18  the  radius  of  the  bore,  r  tlie  meau  velocity  of  the  fiuid,  d  the 
density  of  tlie  fluid,  and  ij  its  viscosity.     The  viscosity  of  the  fluid 
ill  ribsolule  measure  is   then   given,    approximately,    by  Poiaeuille'a 
formula, 

ill  which  g  is  the  acceleration  due  to  gravity,  d  the  detiriity  nf  the 
fluid,  h  the  mean  head,  I  the  time,  V  the  volume  of  liquid  discharged, 
and  a  the  leugth  of  the  tube. 

To  obtain  the  true  viscosity,  corrections  must  be  made  :  (a)  for  the 
viocous  resistance  to  the  flow  of  the  liquid  at  the  ends  of  the  tube  ; 
()3)  for  the  abnormal  flow  of  the  liquid  on  first  entering  the  tube  ;  (y) 
for  the  kinetic  energy  with  which  the  liquid  leaves  the  tube;  and 
(j)  for  the  rosistAnoe  due  to  surface  tension  eflects  at  the  discharge 
orifice.  Corrections  a  and  fi  have  never  yet  been  devised,  but  errors 
due  to  these  eflects  may  be  reduced  to  very  small  proportions  by 
'    making  the  tube  long..    Correction  y  is  made  by  deducting  from  the 

mean  head  a  quantity  =  —  ;  this  correctiou  may  be  made  very  small 

by  using  a  tube  so  narrow  and  so  long  that  the  movement  of  the 
liquid  is  very  slow,  The  error  duo  to  surface  tensiou  eflects,  which 
may  be  serious,  is  so  variable  that  the  correction  S  la  beat  eliminated 
altogether  by  tiuuiersing  the  discharge  orilice  in  the  liquid  and  making 
a  suitable  deduction  from  the  head, 

Oeieriptlon  of  as  Abtolnte  Vlseotiwtar.^Tlic  apparatus  empluyed  by 
the  BuUiors  is  itlusimted  in  fig.  37.  The  capillary  lube  A  wsa  carefully 
■elected  nud  calibrated  from  eua  to  eud,  and  wak  found  to  be  of  practically 
Quifonu  bore.  Viewed  through  a  Iciir  magiilfjiiig  SO  diameters,  the  bore 
ap}ieiinHl  In  be  perfectly  cylindrical  in  ucCiou.  The  diameter,  calculnted 
from  llw  weight  of  mercury  required  to  Gil  the  tube,  was  0-ei80  mm.,  and 
the  length  (iflhe  tobe,  measured  by  a  Whitworth  machine,  was  21'991  cm. 
Tbn^  tbe  length  was  sIkiuI  3S<)  times  the  diauiuler,  and,  as  we  estimate  from 
i^upvrimeutj'  made  with  Redwixid's  viw^unii'ler  that  the  magnitude  of  the 
coTTOctioii  ■  (M>n  above)  in  almnt  equal  U-  llii'  friction  of  a  length  of  capillary 
lube  mnial In  the  rliamctcrof  the  iHire,  iiiii-  ji.'.^ulta  from  this  cause  cannot  be 
niure  llum  about  0'28  tier  crnt  too  liigli.  TIil-  kinetic  energy  correction,  y, 
almt  Sioejuae  very  small.  iiwiu({  Lii  the  iinmiwni'bB  of  the  bore,  amounting  to 
•mlj  0-0  (wr  ifuL  of  lUi;  ituiwl  in  tin-  case  of  wator  (viscoiuly=0'01),  and 
being  quite  negliglhli!  in  the  cue  ot  all  the  glycerol  solulioiis  except  tliu 
thiiu>Ml<o=>0'(J37a),suil  in  tliat  making  a  diflerenee  of  only  O-OG  per  cent., 
iiT  S  in  the  AKIi  decimal  place. 

'  Sm  p.  34. 
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The  cnpillarj  tube  wu 
ground  into  the  neck  of  thu 
ruaervoir  B,SDd  wae  caniieci«d 
nt  its  lower  end,  ChroucL  the 
wide  glaes  tube  C,  wiUi  the 
nieasDrine  tube  D.  The  glau 
wat«r-jacket  E  for  mainuiti- 
ing  the  lemperature  consUnt 
ixintaincd  a  atirrer  of  brass 
wire  U  aud  s  Ihrrmometer  K, 
indicating  Wnths  of  a  degret 
Centigrade.  By  drawing  off 
a  litUe  water  through  the 
tube  M,  and  adding  either 
waruict  or  colder  water 
through  the  funnel  tube  0, 
nud  vigorously  stirring,  the 
slightest  atC«ralion  in  the 
teiufieralure  of  the  bath  could 
be  corrected  at  once.  This 
is  B  most  important  point, 
for  the  viscosity  even  of  water 
undergoes  a  remarkably  rapid 
alteration  with  change  of 
temperature.  Thue,  the  vis- 
cosity of  water,  which  is  about 
0-013  at  10"  C,  tails  to  OfllO 
lit  20°  C,  or  an  avenge 
diminution  of  2'3  per  cenL 
per  degree.  The  viscosity  of 
oil»,  especially  mineral  oils, 
anil  of  many  other  Itquidt, 
cluLiiges  at  a  much  greater 
rate.  Bearing  in  mind  the 
great  importuiee  of  keeping 
the  temperature  of  the  liquid 
constant, the  india-rubber  disc 
P,  clostng  the  lower  neck  of 
the  water-jacket,  was  made 
only  about  A  inch  thick,  and 
was  pushed  high  up  into  the 
neck  in  order  that  the  pro- 
jarting  end  of  the  capillary 
tube  lielow  the  W8l«r-line 
should  be  ss  short  as  possible 
and  well  wttened  from  cur- 
renU^  of  cooler  or  warmer  air. 
The  tul>eB  C  and  D,  which 
Mere  not  |iart  of  the  otiginal 
ii<'.~igu  of  the  upparntus,  were 
jKlded  in  cnnsetmeuce  of  the 
i-iTatic  results  obtained  with 
water,  owing  to  the  varying 
tension  of  the  free  surface 
of  the  liquid  (correction  t), 
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when  Ihe  end  of  the  capillary  tube  was  open  to  the  air,  D  was  drawn 
out  to  a  point  at  the  upper  end,  in  order  to  prevent,  or  reduce  to  a 
minuutim,  evaporation  of,  or  absorption  of,  moiHture  from  the  air  by  the 
lupoid  in  the  tube.  D  was  not  jacketed  }  but,  as  ail  our  eiperimenU  with 
this  apmratue  were  made  at  20°  C,  which  was  very  nearly  the  temperature 
of  the  laboratory',  any  error  due  to  the  very  slieht  diifereuce  in  the  tem- 
perature, and  therefore  in  the  density,  of  the  fluid  in  1)  as  compared  with 
that  in  B,  miiBt  have  been  c[uite  negligible.  The  tube  D  waa  carefullv 
caltbra1«d,  and  the  capacity  in  c.c.  per  niillimetre,  from  the  zero  mark  o' 
upwards,  was  accuratelv  ascertained.  The  reaervoir  B  was  also  calibrated, 
from  the  lero  raatV  b  downwards.  The  vertical  distance  between  the  two 
Kero  marks,  measured  by  a  csthetonieter,  waa  26-60  cm.  The  shaded 
portions  of  the  fi|^re  represent  iudiarubber  connections. 

Mtthod  of  ExpenmeiU. — The  tube  G  was  first  of  all  diaconnected  from  tubes 
A  and  D,  and  each  was  ihorou^bly  well  washed  with  water,  then  rinsed 
with  alcohol  and  ether,  and  dried  by  aspirating  air  through  it  Having 
Sited  B,  A,  and  C,  and  moistened  the  inner  surface  of  D  with  the  liquid  to 
be  tented,  C  was  again  fixed  in  position,  taking  care  that  no  air  bubbles  were 
entrapped,  and  that  the  ends  of^the  tube  were  pushed  into  close  contact  with 
the  ends  of  A  and  D.  The  height  of  D  was  then  adjusted  in  the  clainp 
holding  it,  so  that  the  zero  mark  6'  was  exactly  level  with  a  fixed  mark  on 
the  capillary  lube  A.  The  upper  end  of  the  capillary  tube  was  closed, 
meanwhile,  by  a  valve  made  of  a  small  cork  fixed  on  the  end  of  a  platinum 
wire.  The  liquid  was  allowed  to  remain  at  rest  until  the  temperature  had 
settled  down  Ui  exactly  20°  C,  and  during  this  time  the  tree  surfaces  of  the 
liquid  in  B  and  D  were  accurately  adjusted  to  the  zero  marks.  Ail  being 
ready,  and  the  liquid  perfectly  motionless,  the  cork  valve  was  raised  ana 
the  Uquid  allowed  Ui  now ;  the  time  was  then  measured  which  tlie  meniscus 
in  D  took  to  rise  between  two  puints,  the  heights  of  which  above  b'  were 
successively  measured  by  a  cathetometer.  In  experimenting  with  a  thin 
liquid  like  water,  the  fluid  rose  in  D  with  comparative  rapidity,  and  after 
each  experiment  the  valve  was  cloried  and  the  liquid  readjusted  to  the  zero 
marks  ;  but  with  the  glycerin  solutions  the  rise  took  place  so  slowly  that 
several  successive  observations  could  be  taken  without  stopping  the  flow  of 
hquid.  The  excess  of  tension  of  the  meniscns  in  the  narrow  tube  D  over 
that  in  the  wide  tube  B  was  ascertained  separately  for  each  liquid  by  con- 
necting D  with  a  tube  of  the  same  diameter  as  B,  without  the  intermediate 
capillary  tube,  and  measuring  with  the  cathetometer  the  diflerence  in  height 
of  the  Uqnid  columns  which  lialanced  each  other  in  the  two  tubes  ;  this 
difference  was  added  to  the  measured  head. 

The  apparatus,  as  shown  in  fig.  37,  was  found  to  give  very  good  results 
with  liquids  who^  viacueity  did  not  exceed  that  of  rape  oil  (about  I'll  at 
m'  F.).  With  more  vLicous  fluids,  the  movement  was  so  sluggish  that  it 
was  found  necessary  to  incre^e  the  pressure  by  lowering  the  tubes  C  and  D 
and  inserting  a  connecting  tube  between  C  and  A.  In  these  experiments,  the 
head  was  measured  by  the  cathetometer  on  a  inillimetrG  scale  suspended 
vertically  by  the  side  of  the  apparatus. 

B3:penm^nUU  Dtlcrmination  of  th'  ViteotUy  of  Water  at  20°  (,'. — This 
determination  was  made  to  test  the  capahilitiea  of  the  apparatus  and 
method  of  working.  The  distilled  water  iiaed  was  well  boiled  in  a 
silver  flask  to  expel  dissolved  gases,  cooled  \o  S0°  C,  and  immediately 
introduced  into  the  viscometer. 

(,  the  mean  time  of  flow,  wasnieasured  by  a  stop-watch,  which  was  started 
and  stopped  as  the  meniscus  in  D  passed  two  points,  2'ISS  cm. 
lti'83  cm.  respectively,  above  zero  (fr").    Five  experiments  were  a 


I 
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and  the  time*  neonled  were  136-2,  136-3,  136-8,  13fi-0,  and  135'B 

aeomtds ;  hence  Uie  mean  time  was  1S6'0  tanuU. 
V,  the  Tolnrne  ol  water  flowing  throtigli  the  capillary  tube  in  t  seconda, 

was  the  capacitr  of  D  between  the  two  point*  above  referred  to,  and 

amoonted  to  i007S6 ex. 
4,  the  mom  bead  of  water,  was  calculated  by  sobtiacting  from  the  vertical 

distance  U'  the  initial  and  final  distances  of  the  liquid  enrfaces  beluw 

b  and  above  b',  one  centimetre  of  tnbe  D  being  equal  in  ca|«citj  to 

(K)33  centimetR  of  B.    Thos  :— 


Add  escesB  tensioD  of  meniseiu  in  D 


=      -098 


Mean  head  (A) 
Sablract  for  kinetic  energy  of  efflnz  (A')  1 

-,  where  v= —^  (WUbafont)  I 

9  "•^  ' 

Corrected  mean  bead  (A- V) 


r^  the  radini  of  the  capillary  tabe,  =     0-0309  cm. 

0,  the  length  of  the  capillary  tube,  =   21-991  cm. 

g,  the  acceleration  dae  to  gravity,  =960-&l  em.  seconds. 

w,  =     3-14169 
Then,  by  the  formula  {Poiieaiae-W^htrfoTet) 


Therefore,  the  absolute  viscosity  of  water  in  C.Q.S.  uniu  at  20°  C.  deter- 
mined by  this  apparatus  is  0-01028  dyne  per  sq.  cm.' 

Viecoiities  at  20*  C.  of  Mixturtu  of  Glycerol  and  Water.— Tha 
glycerin  used  for  these  determinations  waa  purchased  as  pure  from 

20' 
Messrs.    Hopkin    &    Williams.     The  specific  gravity  at  sqi  C  waa 

1*2568,  corrcspoudiiig  to  98  per  cent,  of  glycerol  and  2  per  cent,  of 
water,  according  to  Uerlach's  table.  The  viscosity  of  this  was  care- 
fully deteriuiiicd,  without  dilution.  It  waa  then  mixed  with  distilled 
water.  Six  differeut  mixtures  were  prepared,  having  a  suitAble  range 
of  viscosities,  and  the  specific  gravity  and  viscosity  of  each  mixture 
were  carefully  determined.  The  data  and  results  obtained  are  given 
in  the  following  tables. 

'  Mugrms  Maclean  {PhyaUal  Umls.  1886)  given  the  value  0'0]02,  baaed  a]iuu 
results  ubtaiaed  b;  Sprung  (1876),  Mcy«r  (1»77),  uiid  Sbtte  (1S8S).  Thorpe 
and  Rodger  (/"Ati.  TVanj.,  vol.  clxixv.A,  p.  397)  obtained  the  valne  0-010016,  and 
have  recalculated  tbe  values  obtained  by  previous  observers  with  the  following 
rasulta:—  Puiseuille,  0-01008;  Sprung,  0-01003;  Sbtte,  O'OIOOS. 
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Table  XXIX. — Yisoositibs  in  Dtnbs  per  sq.  cm.  of  Mixtures 

OF  Gltosrol  and  Water. 


Glycerin  No.  1. — Specific  gravity  at 


,»> 


1-1007 


>» 


» 


20" 
20 


^,        10988 
4" 


Glycerol  =  40-0  %  {Gerlach), 


Number  of 
Experiment. 

Yolmne  (Y) 
c.c. 

Mean  Head 
(A)  cm. 

Time(0 
Seconds. 

Viscosity 
(n). 

1 
2 
3 
4 

0-9298 
1-3809 
2-7868 
3-7062 

22-61 
17-87 
21-48 
20-46 

89-3 
167-8 
278-7 
390-1 

0-0379 
0-0381 
00377 
0-0378 

90** 

Glycerin  No.  2.— Specific  gravity  at  |r-,       11848 


20* 


>» 


» 


ro"> 


1-1828 


Glycerol  =  71-04  %  {Gerlach). 


Namber  of 
Experiment. 

Volame  (V) 
c.c. 

Mean  Head 
(A)  cm. 

Time  (0 
Seconds. 

Viscosity 

1 
2 
3 

0-9297 
0-9298 
0-9188 

22-75 
20-17 
17-59 

511-6 
574-1 
654-2 

0-2364 
0-2351 
0-2365 

Glycerin  No.  3.- 


90** 

-Specific  gravity  at  r^,       12057 


>f 


» 


^,        1  -2037 


Glycerol  =  78-78  %  (Gerlach). 


Number  of 
Experiment. 

Volume  (V) 
c.c. 

0-4647 
0-4651 
0-4652 

Mean  Head 
(A)  cm. 

Time  (0 
Seconds. 

Viscosity 

•^       3 

1-g       5 
'^^       6 

23-47 
21-92 
2037 

518-2 
549-1 
579-4 

0-5029 
0-4972 
0-4875 

0-4962 
0-4982 
0-5062 

0-6975 
0-6973 
0*6895 

2203 
19-97 
17-91 

817-6 

905-3 

1014-2 
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Table  XXIX. — cottUntud, 
Ulyubhin  No.  4.— Specific  gravity  at  — ;,       1-2155 

QlfMrol  =  8S'41  %  (Gerlatk). 


VulunH(V) 


04644 
0-6971 
06877 


729-3        I       Cr7486 
116&-e  0-7520 

1262-5  0-7486 


ij  No.  a.— Specific  gravity  at  ~,       1-2240 
^,       1-2218 
lllyMrol  -  85-66  %  (Gerlach). 


uluma  (V) 

UMiiBwd 

sa.  1  -r"' 

046J8 
t)-6tt73 

2418 
22-62 

22-26 
21-02 
19-77 

1099-9 
1742-0 

1-1142 
1-1024 

U-464& 
t)-46aj 
0-4616 

1 1930 
1268-0 
13450 

1-1144 
I-10S9 
11166 

HiN  No.  a— Specific  gravity  at  |^,       12463 

^J.        l'S441 
Cllycerol  =  93-96  %  {Qerladi). 


Volnme  (V) 

0-4645 
0-4649 
0-4662 
0-4640 


(A). 


s-    sss. 

V,™,., 

19                   980 
43                 1001 
99       '        1016 

4-0861 
4-0687 
4-0779 
4-0832 
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Table  XXIX. — continued. 


Glycerin  No.  7.— Specific  gravity  at 


>} 


V 


20^ 

20*" 

20" 


1-2568 


1-2546 


Glycerol  =  98-0  %  {Gerlach). 


Number  of 
Experiment 

Yolame  (V) 
c.c. 

Mean  Head 
(A)  em. 

Time  (() 
Seconds. 

VUcoelty 
(n) 

1 
2 
3 

0-4644 
0-4648 
0-4650 

99-25 
97-70 
96-46 

2030 
2051 
2103 

8-6884 
8-6337 
8-7366 

Collected  Results  and  Mean  Values. 


Oltckrol  and  Water.— Viscosity  at  20*  C. 


Qr.  ^  of  20" 

Sp.  gr.  at  ^ 

20** 

•I  »  -^ 

Glycerol   % 
{Gerlach) 


Mean  values 
of  tf 


11007 

1-1848 

1-0988 

1-1828 

40-0 

71-04 

00379 
0-0381 
0-0377 
0-0378 

0-2364 
0-2361 
0-2365 

«  •  • 

•  •  • 

•  •  • 

0-0379 

0-2360 

1-2057 


1-2037 

78-78 


1-2155 


1-2134 


82-41 


1-2240 


1-2218 


85-65 


0-5029  0-7486  1 1-1142 
0-4972  0-7520  |  11024 
0-4875  1 0-7486  1-1144 


0-4962 
0-4982 
0-5062 

0-4980 


11089 
11166 


0-7497 


11113 


1-2463 


1-2441 


93-96 


40861 
4-0687 
4-0779 
4-0832 


4-0790 


1-2568 


1-2546 


98-0 


8-6884 
8-6337 
8-7366 


8-6862 


The  logarithms   of   the    mean  values  of  rj  in  the  above  table  of 

collected  results  were  plotted  upon  a  diagram  as  ordinates,  and  the 

20' 
specific  gravities  at  ^  as  abscissee.       It  was   found  that   a   very 

regular  curve  could  be  drawn  through  the  seven  points,  confirming 
the  general  accuracy  of  the  results.  By  means  of  this  curve  the 
lengths  of  the  ordinates  corresponding  to  specific  gravities  ranging 
from  1-00  to  1-262  were  carefully  measured,  and  gave  the  values  of 
the  corresponding  logs,  of  i;  to  three  decimal  places.  On  tabulating 
these  logs,  it  was  found  that  the  increment  was  not  quite  regular, 
owing  to  the  unavoidable  irregularity  of  the  curve  as  drawn.     A 
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Bystematio  oorreotion  was,  therefore,  made  which,  vhOe  not  altering 
tne  vithius  of  tlio  lugs,  beyond  the  possible  errora  of  experinieiit,  made 
tlie  iiicronu'iit  b  n'giilar  one.  The  corrected  1(^8.  thus  obtained  are 
({ivoii  in  Tiiblo  XXX.,  with  the  corresponding  riscosiuo  to  four 
fig..n-8,i 

Tablk  XXX.- 


IHHO 

HUM 
1 110ft 

UHHi 
ItlOT 


I'Oli 
11113 
1014 
I'Olft 
1-Olti 
1017 
lOlH 

roiii 

i-oio 
lOSI 

1-oaa 

1023 


1-028 
ru2U 
1030 
1-031 


I'sr!?' 

■1  «r  f. 

viwViv. 

Hiuas 

2-01183 

■01040 

2-01703 

H»U»ft3 

2-02233 

■OUHlft 

2-0^744 

mOTt* 

2-0320S 

OUiUI 

2-037WI 

-01104 

2-04;ui7 

■01  lis 

2-04S^!i 

iiii:n 

2-06;i.'.l 

'0I14» 

2-01873 

•*)iifta 

2-06;t9ft 

1>1173 

20Uttl8 

■01187 

2-07141 

-Oljlll 

2-07904 

■OI]!Ut 

^■06488 

tiiaai 

2-<«*Ol-2 

■01841! 

2-0ii.'i:it!  ■ 

■01 -«1 

2-l(X>f.l 

D1S711 

3-10&SB  1 

oiaiw 

2-nili  1 

-01307 

2-11038 

-U  13:^1 

2-1!  Kir. 

-iii;i3D 

2-lS(Ill'2 

■OlSftO 

2-13^20 

-0137i 

2-13748 

■I  11  SHU 

2-14277  1 

01406 

2-14MU(i 

■014;i4 

i-lh.i:Ui 

■01441 

i-\b»m  1 

■0145» 

216^07 

-01477 

2'I61*£8 

■outt:> 

2-174(m 

1-032 
1-033 
1034 


1040 

ro4i 

1-04S 
1-043 
1-044 
1-045 
1046 
1-047 
1-048 
I-U49 
1-050 
1-051 
1-052 
1053 
1-054 
1-055 
1-056 
1-057 
1U^8 
1-M9 
l-OOO 
1-Oill 
1-062 
l-Offil 


■01513 
■01532 
■01561 
■01570 
-01690 
■01609 
■01629 
■01650 
■01670 


■01734 


3-17992 
3-16525 
2-19058 
^-19592 
2  30127 
2-80663 
ffliOO 
2-21738 
2-22277 
i-22817 
2-23358 
2-23900 
2-24443 
S  24987 


■01 7i 
-01778 
■01800  I  2-25532 
■01823  2-26078 
■01946  j  2-26625 
01870  2-27173 
2-27722 


2  20375 
2-29928 
2-30482 
■02044  2-31037 
-02070  2-31593 
■02097  2-32150 
■02124  2-32708 
■02151  2-33267 
-02179 
■02207 
■02236 


'  Scliiittut'r  {SihiiHVitlirrichIr  dee  Kai^-riiel,ei  Akademif  lUr  Kitfeiuc/u^ltn 
mto,  vol.  IxxviL  (1878),  |>.  flS'J ;  urid  v,.L  kxix.  (1879),  Tumid  the  viacoaity  of 
[]Ui«  glycBTul  at  aO°  C.  =  8-304,  but  us  lio  atiitps  the  apecjlio  gravity  ■!  20°  C-  = 
1^2&16  the  correctiieits  o(  \nt  result  is  o[ien  tu  cjucatiuu,  Sonattner's  %unsror 
dilute  gljcerin  do  not  Tall  ou  aay  regular  curve,  and  we  have  b«en  unable  to 
make  any  use  of  them. 
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Table  XXX^Visoosities,  in  Dtnbs  per  sq.  cm.,  of  Mixtures 

OF  Qlygerol  and  Water — continued. 


Sp.  Or. 

w 


1-064 
1-065 
1-066 
1-067 
1-068 
1^069 
1-070 
1-071 
1-072 
1-073 
1-074 
1-075 
1-076 
1-077 
1-078 
1-079 
1-080 
1-081 
1-082 
1-083 
1-084 
1-085 
1086 
1-087 
1-088 
1089 
1-090 
1-091 
1092 
1-093 
1-094 
1095 
1096 
1-097 
1-098 
1-099 


Viacodty 

at  20*  C. 

(if). 


•100 
•101 
-102 
•103 
•104 
-105 
-106 
•107 
•108 


•02266 
•02296 
•02326 
•02367 
•02388 
-02420 
•02452 
•02485 
-02519 
-02553 
•02588 
•02623 
-02659 
-02695 
•02732 
•02770 
-02809 
-02848 
-02887 
02928 
-U2969 
-0301 1 
•03053 
•03097 
•03141 
-03186 
•03232 
•03279 
•03327 
•03376 
-03426 
•03476 
•03528 
•03581 
•03635 
-03689 
•03745 
-03802 
•03860 
-03920 
•03980 
-04042 
•04105 
•04169 
•04235 


Log.  of 
Viaootitj. 


2-35519 
2-36087 
2-36657 
2-37229 
2^37803 
2^38379 
2^38957 
239537 
2^40119 
2-40703 
2^41289 
2^41877 
242467 
2^43059 
2-43653 
2-44249 
2-44847 
2-45447 
2-46049 
2-46653 
2-47259 
2^47867 
2^48478 
249092 
2-49709 
2-50329 
2^50952 
2-51578 
2-52207 
252839 
253474 
§•54112 
254753 
255397 
2-56044 
2-56694 
257347 
258003 
258662 
259324 
2-59989 
260657 
2-61329 
2-62005 
262685 


Differ- 
enoM. 


566 
568 
570 
572 
574 
576 
578 
580 
582 
584 
586 
588 
590 
592 
594 
596 
598 
600 
602 
604 
606 
608 
611 
614 
617 
620 
623 
626 
629 
632 
635 
638 
641 
644 
647 
650 
653 
656 
659 
662 
665 
668 
672 
676 
680 


Sp.  Or. 


-109 
•110 
-111 
-112 
-113 
•114 
•116 
•116 
•117 
•118 
-119 
-120 
-121 
-122 
-123 
-124 
-125 
-126 
•127 
•128 
•129 
•130 
•131 
•132 
•133 
-134 
•135 
•136 
•137 
•138 
•139 
•140 
•141 
•142 
•143 
•144 
-145 
-146 
•147 
•148 
•149 
•150 
-151 
•152 
-153 


VIbco*!^ 

atSO'C. 

(if). 


Log.  of 
VUootitj. 


-04302 
•04371 
•04441 
•04613 
-04586 
-04662 
-04738 
-04817 
•04898 
•04980 
•05065 
•05152 
-05240 
•05331 
-05425 
-05520 
-06619 
•05719 
•05823 
•05929 
•06038 
•06150 
•06265 
•06384 
•06506 
•06631 
-06760 
•06892 
-07029 
-07169 
•07314 
•07463 
•07617 
•07775 
•07939 
•08107 
•08281 
•08460 
•08645 
•08836 
•09033 
•09237 
•09448 
-09665 
•09890 


2-63369 
2-64057 
2-64749 
2'65445 
2-66146 
2-66852 
2-67563 
2-68279 
2-69000 
2-69726 
2-70457 
271193 
2-71935 
g-72683 
1-73437 
2-74197 
2-74963 
2-76735 
2-76513 
2-77298 
2-78090 
278889 
2-79695 
2^80508 
2-81328 
2-82156 
2-82992 
2^83836 
2-84688 
2^85548 
2^86416 
2-87292 
2-88177 
2-89071 
289974 
2-90886 
2-91807 
2-92737 
2  93676 
2-94625 
2-95584 
296553 
2-97532 
2-98521 
299520 


Differ- 
ences. 


684 
688 
692 
696 
701 
706 
711 
716 
721 
726 
731 
736 
742 
748 
764 
760 
766 
772 
778 
785 
792 
799 
806 
813 
820 
828 
836 
844 
852 
860 
868 
876 
885 
894 
903 
912 
921 
930 
939 
949 
959 
969 
979 
989 
999 
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TiLBLK  XXX.— Vl8C08ITnE8,  IN   DtNES  PER  BQ.  CM.,  OF   MlXTTKES 

OF  Oltckrol  and  Water — continued. 


1   . 


•  i 


»  n 
I 


i   1  '         « 

iijrl  ji.-. 


iide 

MM 

I  m 

lltS4 

M«7 

lit^ 
I  i>> 
I  ITl 
I  IT^ 

I  it;i 

I  174 
I  17.N 

\  it: 

I  iT8 
I  17» 
I  I8l> 
I  181 
I  18S 
M83 
I  184 
P18A 
1186 
M87 
1188 
1189 
ri90 
ri91 
M92 
M93 
1194 
1195 
1196 
1-197 
1-198 


lOli 
UVJ6 
U^l 
U187 
UU 
lUl 
U7l> 

n^ 

19«^ 
14iU 
I43t> 
U7>> 

lt5l>7 

I7\n 
*17M 
181X1 
1857 
1^13 
1971 

'il6i 
iiai 

2377 

•2537 
•2622 
•2711 
•2803 
•2900 
-3002 
-3108 
•3219 
•3335 
•3456 
•3683 
•3716 


1H)0529 
rx>l548 
1-02578 
[-03619 
1-04671 
1-05734 
1-06808 
l'l>7883 
1-08^89 
V10096 
M1215 
1-12346 
1  13489 
1-14644 
M5811 
M6980 
1-18181 
1-19384 
1-20600 
1-21829 
l-23l>71 
1-24321]; 
1-255^ 
l-2t?875 
l28Uft» 
l2iM76 
l\%CiH» 
1-32130 
V33478 
1-34840 
l-3t?2l6 
1-37606 
i -39010 
[•40428 

["•4i8eo 

T43307 
1-44769 
146246 
147738 
1*49245 
1-50767 
1-62304 
l-63a')6 
1-55424 
167008 


Differ- 
encM. 


1009 
1019 
1030 
1041 
1052 
1063 
1074 
1085 
1096 
1107 
1119 
1131 
1143 
1155 
1167 
1179 
1191 
1203 
1216 
1229 
1242 
1255 
1268 
1281 
1294 
1307 
1320 
1334 
1348 
1362 
1376 
1390 
1404 
1418 
1432 
1447 
1462 
1477 
1492 
1507 
1522 
1537 
1552 
1568 
1684 


8p.  Or. 


199 
200 
•201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
1-222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 


1' 

1 

1 

1 

1 

r 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


at  »r  C. 


•3866 
•4002 
•4155 
•4316 
•4485 
•4662 
•4848 
•5044 
•5260 
•5466 
•5694 
•5933 
•6186 
•6452 
•6733 
•7029 
•7341 
•7672 
•8021 
•8390 
•8781 
•9195 
•9635 
1010 
1^060 
1112 
1-168 
1-228 
1292 
1360 
1433 
1-511 
1694 
1-683 
1-779 
1-882 
1-993 
2-112 
2-240 
2379 
2528 
2-690 
2-865 
3-064 
3269 


ho^ci 


'58606 
•60224 
•61857 
•63507 
•65174 
•66858 
1-68659 
-70277 
•72013 
•73767 
-76539 
-77330 
•79140 
-80969 
-82818 
•84687 
•86677 
•88488 
-90421 
•92376 
•94354 
•96356 
•98383 
-00436 
-02616 
-04624 
•06761 
•08928 
•11126 
•13366 
•15619 
•17916 
•20248 
•22616 
•25021 
•27464 
•29946 
-32468 
-35031 
•37636 
•40284 
•42976 
•45711 
•48488 
•51306 


1 
1 
1 
1 
1 
1 


leoo 

1616 
1633 
1650 
1667 
1684 
1701 
1718 
1736 
17M 
1772 
1791 
1810 
1829 
1849 
1869 
1890 
1911 
1933 
1955 
1978 
2002 
2027 
2053 
2080 
2108 
2137 
2167 
2198 
2230 
2263 
2297 
2332 
2368 
2406 
2443 
2482 
2522 
2563 
2605 
2648 
2692 
2735 
2777 
2818 
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-T' 

.!2X. 

SK- 

'^S 

M 

vSui^ 

Wfler. 

isu 

s-tei 

'M164 

2fl58 
2897 

2873 

301U 
3046 

308J 

I-3M 

7043 

■84778 

3218  1 

32151 

3284 

3317  , 

33IK) 

3383 

3416 

3449 

348S  1 

1-M6 

3-7ai 

■57061 

1255 

7-891 

■88029 

3'flSl 

68996 

1260 

B-lft7 

■91313 

1-M7 

4863 

■62i«» 

1-267 

8837 

94630 

1-24S 

J  ■569 

■6fi«7!t 

1-2S8 

9546 

■97980 

l-itlt 

4001 

■690S6 

l'£d9 

10-32 

l-0136:( 

l-«60 

o^ei 

■72107 

1-260 

(■04779 

I'UI 

A-tt53 

■75224 1  ^;4', 

■81M0  t  -^'^ 

1 

1-261 

12'09 

1  ■06228 

l-ass 

6-078 

l'S62 

I3^10 

111710 

l-iB3 

6-540 

Oommercial  Viacometry. 

A  very  rough  idea  of  the  relative  Tiscoaity  of  an  oil  may  be  formed 
hv  Hhakm^  iL  in  a  bottle  oiid  obecmug  the  rate  at  which  uir-bubbleH 
risv  ID  the  oil :  the  more  ahiggisli  the  movemeut  of  e<]ual-sized  bubbles, 
the  greater  the  yiscosity  of  the  oil. 

A  mtigb  i]uaiitil«tive  method  is  to  fill  a  10  c.c.  pipette  with  the 
oil,  lii  it  ill  a  vertiwtl  jjositioH  in  a  clamp  and  count  the  number  of 
aeconds  occtipiwl  by  the  oil  lu  flowing  from  a  mark  on  the  upper 
ntnn  U>  another  murli  un  the  lower  stem.  Then  clean  the  pipette 
witti  ether,  dry  it,  and  make  another  aimilar  experiment  with  aome 
■tnndard  uU,  say  rape,  b'ur  the  results  to  be  at  ail  comparable,  the 
oilti  mn«t  be  at  the  same  temperature  when  the  experiment  ia  made. 
To  onmirc  this,  snuill  beakers  containing  20  to  ;tO  cc.  of  each  oil 
ihould  b*!  allowi-d  to  ataiid  on  a  table,  aide  by  side,  for  an  hour  before 
making  the  tccrt ;  the  pipette  may  then  bo  filled  from  eaeh  beaker  in 
■uei^etiaion.  Ah  a  rough  teat  for  sorting  quickly  a  number  of  samples 
of  oil,  tliiit  is  useful,  but  for  actmrute  work  a  properly  cnnatnicted 
Tuoometur  luiiet  lie  employed. 

J.  ti.  A.  Ilhfdin'  determines  the  visooBitiea  of  oils  by  means  of  a 
fimple  form  of  abaolute  viscometer,  tn  which  the  formatiou  of  drops 
is  the  basis  of  uliHorvation.  Tbe  period  of  time  required  for  the  tall 
oi  30  drop  is  noted,  ami  the  drops  are  carefully  weighed.  From  the 
««ight  of  a  einglc  drtip,  the  very  amall  counter-preasiire  due  to  the 
mtrbeo  leusion  of  the  dropN  iij  calculated  and  allowed  fur.  Khodin 
findM  the  weight  of  the  drops  fmm  a  perfectly  clean  tube  remarkably 
Thua,  in  two  experimenla  30  drops  weighed,  respectively. 


hm 
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1 -2220  grammea  and  r2214  gr&mmes.     The  capillary  Uibes  naed  bani 
tbe  following  diinenaioDs,  vis.: — 

.     /ro=     0-83602  mm.  1  ,     ,     ...  f, 
'■   [l   =386-9  .,     |f"'=15  C- 

2.   {[":4o';:f^''    l    }torl=100"C. 

Tbe  head  is  read  off  by  means  of  a  catbetomeler.  The  followi 
results  show  the  accuracy  attainable  in  duplicate  experiments,  t 
head  varying  in  each  experiment : — 


Amcrion 
(■MM). 

"m(^"      Wi»4"0U. 

CTUiid<rOIL 

Temperature 

16' C. 

IB-  0.       1     100-  C. 

100"  C. 

Value  of  11— 
{1)  .        .        . 
(8)  .        .        . 
(3)  .        .        . 

2-2743 

S'S949 
2-S81& 

i-eae 

1-604 

0-3406 
0-3403 

0-2434 
0-2417 

Rhodin  tindtt  the  method  simple  and  accurate,  and  it  has  thai 
advantage  of  giving  absolute  iwatead  of  arbitrary  results.  ThM 
only  drawback  is  the  somewhat  lengthy  calculation,  but  Ihiis  can  bel 
curtailed  hy  atlopting  a  uniforui  method  of  observation. 

The   viscometers  mostly  used  for  practical  laboratory  work  liaTsI 
very  short  efflux  tubes   of  eoinparatively   wide  bore.     From  these  n 
instruments  a  rmmiug  can  be  made  in  a  short  space  of  time,  and  the 
parts  are  easily  cleaned  and  kept  in  order.     But  the  rate  of  efflux  is 
far  from  being  proportional  to  the  viueoaity  of  very  fluid  liquids  and 
water,  though  in  the  case  of  lubricating  oils  having  a  viscosity  at 
least  as  great  as  that  of  npcrm  oil  at  60°  F.  (0-42),  the  error  does  noCj 
exceed  about  2  per  cent.     The  best  known  instruments  of  this  clsa 
are   Redwood's,    which  is  the  standard  instrument  in  this  eountiy^ 
Englor's  and    Kunkler's,  which    are    used    on   the   Continent,    an 
.Saybolt's,  used  in  the  United  States.     There  are  many  others,  but  •» 
do  not  think  it  necessary  to  deocrJbo  them  all.     The  glass  vist-omete 
devised  by  Colomau  and  improved  by  Archbutt  is  one  of  the  i 
simple  for  practical  pur|)08es.     It  will  be  described  as  the  Golem 
Archluitt    visconioter.     llooliltlg's   Torsion    Viscometer   will  also  \ 
described. 

Bedwood's  Standard  Titcomaler.  — '.'unili'utCion.^This  instrument,  fig.  38,-1 
ciiusistf   of  a    eilvered   cop]«r   cylinder   A,  about   Ij   inches  in    internal 
diameter  and  3j  inches  devp,  having  a  thick  metal  bottom,  aliglitly  umcave 
on  tlie  in«i(te,  in  the  centre  of  which  the  agate  jot,  J,  in  fixed.     In  Uic 
instrument  used  by  the  authors  the  paKsage  drilled  through  the  jet  is  IS 
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zrd  cojipcr  icswl  C,  whinh  i"  fnmuhed  with  n  tap,  D,  anil  a  crrppor 
J  Inln'  K,  jir-iJMting  at  an  angle  of  45°  from  the  nde,  close  to  thft 
Thi»  vKKiml  ctmtAins  wntev  or  oil,  bj  means  of  which  the  tempera- 
^  of  tlir  oil  in  A.  IB  mainlaini-d  cnngtAnt,  and  is  provided  with  a  atirrit  ~ 
(xiii«ititi){  o[  four  li^ht  nu'tal  \w\ea,  H,  lixed  lo  a  ihin  copper  lul 
wKieh  tn»oIvB««iiir«itlilyr"mu(l  tliecvUndor  A,  thetubehavingahroadourvL- 
flMi^  at  the  Wp  to  prcvimt  au>  o(  tlie  liipud  in  C  from  Wiiig  gplaohed  iiiU) 
the  oil  in  A.  Till!  stirrer  i»  rol&Ud  to  aud  fro  bjr  means  ol  the  houdlu  K. 
ind  nrrlcH  with  It  the  tliunuornvter  T,  wliich  regiatera  the  temperature  w 
duld  liatli.     Another  ihomiometer,  T„  held  by  a  spring  pkmp  whioh 
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u  jet  a  •iiiiil 

il  in  levellni. 

[icrnl  nil,  MiCdrdi 


.       r  hdd  t 

The  onl«r  read,  C^  b  tbcM  ded  with  « 

liiinvy  iiiiiii'ml  nil,  Mscorditig  to  the  teuipeiatnre  at  wludi  the  TauBuitj  ■»  Vr 
iKt  (li^UriTuiiHl,  water  Mng  iiacd  for  all  tempentans  up  to  ■boot  9U0^  FUc 
Tlmht-iKla<'f  thi-liquidiuCvhiialdbeBUghUrmbuTetbtaf  tbeMlm  A. 
Tlit<  luiiijn'rulure  uf  iliK  watur-Wh,  having  tieen  adjiuled,  ■  ■■■iiitaJMwi 
lidiiMiiiit  during  tho  t««t  hy  cootinual  etimng,  tbe  llnfif  i«fr  beng 
iiliKU'ly  wiil.iiliml,  niid  any  knilency  uf  the  mercoty  to  rue  ot  bO  tomCtti 
Uy  nrtclilioiiiidf  i Mulder  or  wanner  water,  tlie  exc«s^  nf  TslerlxiiiednwnoC 
llii'iiiiItU  II'"  iJtp  U.  Tiiniiieratiiree  much  above  the  Domial  ane  iBaintatBcd 
liy  lii'uLjn^j  lliu  lul)D  K,  l)v  iiiuuna  of  a  gas  or  spirit  Haiiie.  Tbe  oQlo  be 
Uvlud,  ir  uuito  ulvac  and  biiuhl'i  >»  next  pound  ii'to  A  niiti)  tbe  pMM  of 
thoitud  B  la  Jutt  covered,  the  jet  being  Bret  c1o«ed  bj  Ui«  valve  ;  iftbe  ail 
Iki  not  olMr,  or  if  it  be  a  dark-coloured  oil,  it  must  first  of  all  be  MniBcd 
throuuh  fine  wire  gaiiu;  or  toiMlin.  Thick  oils  may  be  warmed  before 
*trainin){,  but  tliuy  must  nut  lie  heated  more  tbaii  a  ftw  degree*  abort 
thu  tuiiiiHiniturt!  at  wliiuh  the  teat  ia  to  be  made.  The  oil  ahou]!!  be 
lir'iiighl.  1u  nearly  th»  requited  temperature  before  beine  poured  inl«  Xhe 
viniiiniiiiiiir,  iM'raiiwj  the  adhislment  afterwards  takes  puce  siowlj.  The 
thi-niiuiiu'li'i'  T,  i'  iiiinicr«od  in  the  oil  totncb  a  depth  that  the  bulh  does 

iiiil  I'll') ii"<\' [' 'I  iliiring  the  [cat,  and  it  is  not  aflerwardii  moved.     A 

iiiiri  ">'  "I  -  ii  I  :  .  iiiliJinu  ftOc.c  to  a  mark  on  the  neck,  is  placed  below 
llir  |.  :    '  ,  I   I !  .  .11!      It  thu  test  is  lo  be  matle  at  a  temperatare  more 

tliiiii  II  I'M  ■!'  IK  liiiuL'  or  bulow  that  of  the  air  of  the  room,  the  Bask 
iiiiini  Ik^  iiiiiiii'ini'il  III  11  Imth  of  liquid  heated  U>  the  letting  lemperatun,  or 
tlio  body  of  llie  lliuk  may  Vio  sununnded  by  a  thick  laj-er  ot  cotton-wool 
iHintaiDDd  in  il  beaker,  the  neck  and  grniluatioD'mark  being  left  exKsed  t» 
view      Ah  thnri-  in  ifcncrall}'  a  slight  leakage  from  the  valve,  V,  tlie  (Uak 

»hi"il't  iii'i  I"'  |iiFi I  ill  |«wition  until  tlie  liisi  moment, 

Wli'  0  ''  ''!■  '  II'  ii'i'  'ii'l'Tri  rvgislcr  the  deaired  temperattire,  the  height  irf  J 

ill !  ..    Vi    ;i  I'ljiiKleif  so  that  the  (wiiit  of  the  stud  B  lies  exactb- 

iiifl"     1  I  ■  1::     iin'iiMiiringflask  is  placed  underthe  jet.    The  valve  ? 

in  iIk'ii  i.ii"l,  I  I  "I'  wiitdi  hinng  atartud  at  the  same  moment,  and  the  I 
uumUir  C1I  nci'onilr'  mriipietl  in  filling  the  Hank  up  to  the  50  cc.  mark  ia 
asoertiiin(.-d.  'I'liia  oompletea  the  teat.  In  imjiortant  casen,  and  alwavx  if 
tlia  opiTHtoi'  Ihi  iiLuxperlencud,  the  oil  should  be  jjoured  back  into  A,  a  fitlle 
uioie  lioing  iiilili'il  In  liriiig  it  uii  to  the  mark,  and  the  test  repeat«d,  the 
meiiNiii'iiii:  11.4.  Im'iii>;  lli-i't  vintted  out  with  utliur  and  dried.  Da  plicate  tee" 
1  iiiiirn  thdu  about  I  per  cent.  ;  greater  differenoea  wi 
I  11'  j^li'i'ting  to  maintain  a  constant  temiieralure,  . 

iiiii  (117,— TliiH  instrument  is  standardixed  with  refined 
ihilinrii  -viiuiilcs  ot  genuine  rajw  oil  vary 

li'ii  of  the  arbitrary  number  536,  which  is 


oUKl.i 


Kedwood  tins 
the  average  n 


I 

3 


■I'' I-  ii'i|iiireil  by  00  c.c.  of  rape  oil  t( 

I'll.-  nl.iini'  viscosity  at  x°  F,  of  any  oil, 

with  Ibc  viBCcinay  mW  ['.  ul  i.i]w  od  of  density  0'9H2,'  which  ia 

100,  ia  Cliou  found  by  the  following  formtda :  — 

Rtilative  viscosity  (rape  oil  at  W  V.  =  100)  = -'**  ^^ 

■'  *    '^  '       536x0-814 

'   ==S|..  D.  0'816Bt?5*F. 


Uofhta 
mpKted 


J 
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where  \  is  the  number  of  seconds  required  for  the  outflow  of  50  c.c.  of  the 
oil  at  x**  F.,  and  d  is  the  densitjr  of  the  oil  at  the  same  temperature. 

It  will  be  observed  tliat  Redwood  compares  oils  at  all  temperatures  with 
rape  oil  at  60**  F. ;  some  prefer  to  make  the  comparison  with  both  oils  at 
the  same  temperature. 

The  Coleman-Archbutt  '^Bcometer.^ — This  instrument,  fig.  39,  is  an 
improved  form  of  the  well-known  jacketed  glass  viscometer  first  used  by 
Coleman  about  1869.'  It  consists  of  a  glass  burette  contained  in  an  outer 
jacket,  with  a  funnel  for  pouring  in  hot  or  cold  water,  a  tube  for  running 
off  water,  and  a  stirrer  for  thoroughly  mixing  the  water  in  the  jacket. 
Beinff  matde  of  glass  it  is  fragOe  ;  but,  with  reasonable  care  an  instrument 
may  last  for  many  years.  It  may  be  standardized  with  glycerin  (see  p.  156) 
so  as  to  give  results  in  absolute  measure,  and  it  has  the  advantage  ol  being 
very  convenient  to  work  with.  Thus,  the  temperature  of  the  oil  can  be 
readily  adjusted  in  the  efflux -tube  itself,  by  stirring  with  a  thermometer  and 
raising  or  lowering  the  temperature  of  the  water  in  the  outer  jacket ;  there 
is  no  need  for  a  separate  measuring  vessel,  the  volume  of  oil  wnich  flows  out 
being  measured  by  marks  on  the  efflux-tube ;  a  test  can  be  made  with  as 
little  as  25  c.c.  of  oil ;  and  after  the  test  has  been  made  the  tube  is  empty 
and  ready  for  the  next  test.  Oils  can  be  tested  in  this  apparatus  at  the 
temperature  of  boiling  water,  which  is  high  enough  for  most  purposes. 

Construction. — The  efflnx-tube  A  is  about  15  inches  in  length.  Thu  upper 
12  inches  is  made  of  thin-walled  glass  tubing,  about  1  inch  in  internal 
diameter  ;  it  then  narrows  to  a  diameter  of  about  ^  inch  for  2  inches,  and 
terminates  in  a  thick-walled  jet,  about  1  inch  long  and  of  such  internal 
diameter  (about  1*9  mm.)  that  100  c.c.  of  refined  rape  oil  at  60**  F.  take 
about  ten  minutes  to  run  out  If  the  oil  runs  too  quickly,  the  orifice  of  the 
jet  may  be  slightly  closed  by  fusing  the  edges  in  tne  flame  ;  if  too  slowly, 
the  jet  may  be  shortened  a  little.  Four  circumferential  marks  are  etched 
upon  the  tube.  The  lowest  or  zero  mark  is  rather  above  the  middle  of  the 
narrow  portion  ;  the  other  three  marks  are  on  the  wide  portion,  and  divide 
the  tube  above  the  zero  mark  into  capacities  of  25  c.c,  50  c.c.  and  100  c.c. 
The  volume  of  oil  used  for  a  test  may,  therefore,  be  varied,  according  to  the 
viscosity  and  the  quantity  of  oil  available.  Of  fairly  fluid  oils,  e.g.y  rape  or 
machinery  oils  at  60**  F.,  and  all  oils  at  212**  F.,  100  c.c.  are  used  ;  of  more 
viscous  oils,  e.g.  cvlinder  oils  at  60"  F.  and  100"  F.,  25  c.c.  is  a  suitable 
quantity.  The  tube  must  be  separately  standardized  from  each  mark,  as 
the  times  of  efflux  of  the  different  volumes  bear  no  simple  relation  to  each 
other. 

The  outer  jacket,  J,  is  about  3^  inches  in  external  diameter,  and  has  a 
short  narrow  neck  at  the  bottom  and  another  at  the  side.  The  tube.  A,  is 
fixed  in  the  jacket  by  means  of  a  thick  indiarubber  bung  at  the  top  and  a 
thin  disc  of  rubber,  not  more  than  ^\  inch  thick,  at  the  bottom,  through 
which  the  jet  projects  not  more  than  f^  inch.  Thus,  the  oil  in  the  tube  is 
surrounded  by  the  water  in  the  jacket  until  it  has  reached  nearly  to  the  end 
of  the  jet,  and  the  temperature  is  maintained  constant  until  the  oil  has  passed 
out  of  the  tube.  The  jet  is  protected  from  change  of  temperature,  as  well 
as  from  fracture,  by  being  contained  entirely  within  the  neck  of  the  jacket. 
The  large  bung  at  the  top  is  perforated  by  four  small  holes.  One,  which 
is  lined  with  a  short  piece  of  glass  tube,  is  for  the  brass  stirring-wire  S  ; 
another  is  for  the  glass  funnel  F,  which  fits  rather  loosely,  and  is  replaced 
by  a  tube  L,  conveying  steam  from  the  boiler  B,'  for  determinations  at 

^•"^Made  by  Messrs.  Baird  &  Tatlock. 
'^^Joiir.  Sac.  Chem.  Ind.,  v.  (1886),  p.  359. 
^^In  the  figure  this  tube  is  shown  iu  dutted  liues. 
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212^  F. ;  a  third  hole  is  for  the  bent  tube  C,  for  the  escape  of  steam,  and  the 
fourth  is  for  the  thermometer  T. 

In  putting  the  apparatus  together,  the  tube  A  is  first  wetted  and  "passed 
through  the  central  nole  of  the  buns,  far  enough  for  the  jet  to  reach  nearly 
to  the  end  of  the  lower  neck  when  the  bung  is  nxed  in  the  jacket ;  the  brass 
stirring- wire,  S,  which  terminates  in  a  brazed  ring  at  the  lower  end,  is  then 
passed  through  its  hole  and  bent  over  at  the  top  to  form  the  handle ; 
the  bung  is  then  carefully  inserted  into  the  jacket,  and  the  jet  is  pushed 
through  the  disc  of  rubber  at  the  lower  end.  Finally,  the  tube  C  is  inserted 
in  the  bung. 

Method  of  Experiment. — The  tube  A  and  jet  are  first  carefully  cleaned  and 
dried  ;  the  jet  is  then  closed  by  means  of  a  small  peg  of  soft  wood.  Water 
at  the  proper  temperature  is  next  poured  into  the  jacket,  and  the  oU, 
pre\^ously  strained,  if  necessary,  and  brought  to  the  same  temperature,  is 
poured  into  the  efflux-tube  up  to  about  half  an  inch  above  the  mark  it  is 
mtended  to  run  it  from.  The  oil  is  stirred  with  the  thermometer,  avoiding 
the  formation  of  air-bubbles,  until  the  temperature  is  exactly  correct,  the 
final  adjustment  being  easily  made  by  slightly  raising  or  lowering  the 
temperature  of  the  water-bath.  The  thermometer  is  then  taken  out  of  the 
oil,  which  is  allowed  to  rest  until  perfectly  quiescent.  The  wood  peg  is  then 
withdrawn,  and  the  time  taken  by  the  oil  to  flow  down  to  the  zero  mark  is 
measured  by  a  stop-watch,  which  is  started  as  the  surface  of  the  oil  passes 
the  upper  mark.  During  the  experiment,  the  temperature  is  maintained 
constant  by  pouring  hot  or  cold  water  into  the  jacket,  through  the  funnel,  and 
running  off  the  excess  through  the  side  tube  as  often  as  required,  using  the 
stirrer  frequently.  The  temperature  of  the  water  in  the  outer  jacket  is 
indicated  by  the  thermometer,  T,  which  is  not  removed.  The  open  end  of 
the  efflux- tube  is  covered  b^  the  inverted  beaker,  K,  to  prevent  water  from 
being  splashed  in  by  the  stirrer. 

In  making  an  experiment  at  212''  F.,  the  cold  water  in  the  jacket  is  first 
raised  gradually  to  about  180°  F.,  by  pouring  in  hot  water,  and  then  the 
funnel  is  replaced  by  the  steam  tube,  L,  and  steam  is  blown  in  from  the 
boiler.  When  the  water  boils,  the  level  is  lowered  sufficiently  to  prevent 
splashinc,  and  a  brisk  ebullition  is  kept  up  throughout  the  test  The  oil, 
previously  heated  to  212*  F.,  should  be  poured  in  just  before  the  water 
begins  to  boil,  and  the  tube  A  covered  by  its  cap. 

Method  of  Standardizing. — If  the  relative  viscosity  of  an  oil  be  required, 
compared  with,  say,  refin^  rape  oil  as  the  standard,  the  number  of  seconds 
occupied  by  the  oil  in  flowing  out  is  divided  by  the  number  of  seconds 
occupied  by  the  same  volume  of  rape  oil  in  flowing  out  at  the  same  tem- 
perature, a  correction  being  made  for  the  difference  in  density  of  the  oils. 
Thus, 

Relative  viscosity  =  — -  x  100, 

where  t  and  t^  are  the  respective  times  of  flow,  and  d,  d^^  are  the  respective 
densities  of  the  oils  referred  to  water  at  4*  C. 

For  the  method  of  standardizing  this  viscometer  so  as  to  convert  the  times 
of  efflux  into  absolute  viscosity  values,  see  p.  156. 

Saybolt'B  ViBCometer. — Construction. — This  instrument,  fig.  40,  is  con- 
structed entirely  of  metal,  and  in  common  with  many  viscometers  the  amount 
of  oil  which  runs  out  during  the  experiment  is  measured  in  a  separate  vessel. 
The  efflux-tube  consists  of  a  wide  cylindrical  upper  portion.  A,  surrounded 
at  the  top  by  a  fixed  gallery,  B,  into  which  the  superfluous  oil  overflows  and 
from  which  it  is  withdrawn  by  a  pipette.     The  tube  A  terminates  at  the 
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lower  end  in  a  metal  jet.  The  jet  of  an  instrument  kindly  lent  to  the 
authors  by  Mr.  Colin  Strong  of  the  Anglo-American  Oil  Co.  measured  about 
17  mm.  in  length  and  about  1*6  mm.  m  internal  diameter.  The  tempera- 
ture of  the  liquid,  usually  water,  in  the  outer  bath,  C,  is  raised,  when 
necessary,  by  means  of  a  ring  burner,  D.  No  stirrer  is  provided,  neither  is 
there  any  means  of  running  off  the  liquid  from  the  bath  C.  The  oil  flowing 
from  the  jet  is  received  in  a  measuring  flask,  F,  which  has  a  mark  on  the 
neck  at  60  cc. 


ooriT© 


Fig.  40. — Saybolt*s  Viscometer.     (Section  of  Pipette.) 


Method  of  Experiment. — The  outer  bath  is  filled  with  a  suitable  liquid^ 
and  the  temperature  is  adjustetl  by  the  addition  of  cold  licjuid  or  by  heating, 
as  may  be  necessary.  The  tube  K,  which  encloses  the  jet,  is  closed  by  a 
cork,  L,  which  is  inserted  just  far  enough  to  be  air-ti^lit,  and  not  nearly 
far  enough  to  touch  the  jet.  The  oil,  previously  strained  into  a  tin  cup 
and  heated  to  about  the  required  temperature,  is  poured  into  the  tube  A 
imtil  it  overflows  and  fills  d  above  the  level  of  the  upper  end  of  A ;  it  is 
then  stirred  with  a  thermometer  imtil  the  temperature  is  exactly  adjusted. 
The  thermometer  is  withdrawn,  and  the  surplus  oil  is  removed  from  the: 


PJiVHJCAL   PROPEBTIES  A\D   EXiMillSATIO.S"   OF   LUBRICANTS.     151 

gallcrf  fi  bv  A  pipette.  The  cork,  L,  ii  then  withdrawn,  and  the  lima 
occnpied  in  filliiip  Uw  flaat  Itt  the  60  ce.  mark  b  noted  bj  a  stop-watoh  imd 
Rvoraed  u  the  visouicy. 

In  ihe  iuBtrumeiit  lent  10  the  authors  the  time  required  for  00  e.e.  of 
vsirraiTO'F.  torunout  W]u29  6«ecoDds;50c.cofw)iterfrom  Redwood's 
itistmiiiciit.  at  tbu  aauiv  lenipernture^  requited  iS'T  seca. 

Englsr'i  Standard  VUcoineter. — Vaiatrudiaa.  — This  instrument  is  ebown 
m  tig- -11.  The  lunei'  oil  vensel.  A,  in  mnde  of  bnua,  gilt  iudde,  and  bas&lid 
A',  which  carries  the  themiotaeter  t.  lu  the  centre  of  the  concave  bottom 
t*  the  jet  a,  SO  mm.  long,  2'9  mm.  in  diameter  at  the  upper  end,  laperinc  to 
S-8  mm.  at  the  lower  end  ;  it  is  made  of  phttinum  for  standard  work,  out 
for  ordinary  work  brats  is  itaed.  The  plug  ralve  b,  of  bard  wood,  which 
cVotm  the  ji^t,  pastes  through  a  tube 
filed  in  the  lid,  and  can  be  raited 
without  removing  the  cover.  Three 
pointed  Htuds  C,  Sled  at  equal  dis- 
tances above  the  bottom  of  the  vessel, 
indicate  the  projwr  height  of  the  oil, 
and  at  the  same  tune  »erve  for  levelling  ,  , 
lb«  instrument ;  they  mark  a  volume  a',  •^'H 
ofa-tOcc.    Tlie  outer  hath,  B,  is  filled  '■ 

with  water  wlien  working  at  tempera- 

r.     '.If    fi    .     aVivu 


tiires  not  exceeding 
that  temperature,  alieav?  mineral  oil 
IB  used,  which  can  be  healed  hy  meanB 
of  the  rini;  burner  d.  The  oil  flowing 
from  tile  jet  is  received  in  the  measur- 
ing flask,  C,  which  haa  a  mark  at  SOO 
O.C.  and  another  at  240  c.c. 

iStOtod  of  .'aanrfardMjn!/.— This  is 
done  with  water  at  20°  0.  The  vessel 
A  la  fint  tIjorouKbly  rinsed  out 
meeesivel^  with  ether,  alcohol,  and 
water,  the  jet  bcins  cleaned  by  means 
of  a  fnatlicr  or  a  roll  of  paper.    After 

the  water  ha*  drainM  out,  the  jet  is  closed  by  tbe  valve.  The 
flask  is  filled  to  the  S40  c.u.  mark  with  water  at  SO'  C,  which  is  then  poured 
into  the  oil  cup  A,  and  ebould  fill  it  exactly  to  the  level  of  the  studs  after 
the  Itoik  has  been  well  drained.  The  outer  bath  should  be  previously  tilled 
Willi  water  at  »)'  C.  Hnvinc  adjusted  the  surface  level,  if  nece^nry,  by 
taking  out  or  adding  a  few  droi«  of  water,  the  temperature  of  the  water 
buth  inwde  awl  outside  the  cup  is  brought  exactly  to  30°  C.  and  then,  after 
allowing  time  for  the  water  in  A  to  become  perfectly  atill,  the  phi|j  valve  is 
caii«d  and  the  water  allowed  to  flow  from  A  into  the  dry  measunug  flask. 
The  time  of  elHux  will  be  from  60  to  ft3  seconds,  it  Hie  instrument  has  been 
nudei't  the  standanl  dimoDaiona  given  in  the  figure.  The  test  must  be 
-npratiil,  and  llip  niean  of  throe  enperimenl*  wliicn  do  not  differ  by  more 
than  0-5  sen^d  is  Uie  etflu»  time  of  water  at  30°  C.  The  neatest  whole 
number  is  taki-u  as  the  unit. 

Mrthod  of  Kxprrimtni.—ln  testing  oils,  the  vessel  A  and  the  jet  ore  flrel 
ihun-ughlj  niiSL-d  with  al™hul,then  with  otlicr,and  dried.  Hie  oil.  previously 
tlmiu-.-ii  or  fitlercd  lo  remove  wuiueTided  matter  and  water,  is  piured  into 
A  up  to  tilt  tevnl  of  the  itnds,  sad  is  stirred  by  the  thermometer  until  the 
dnirw)  (.'nipeiatnnt  has  been  reached.  Tiie  liquid  in  B  is  adjuBl«d  to  the 
■amo  I<Tm]i'rnliir<x     After  allnwiug  the  oil  in  A  to  become  perfectly  still, 


J 


zztaacxms  asd  ujtxicAsn. 

mi  -i^  :iin>  [q^iiitgl  b  Oe  ootflow  of  300  cc  of  o3  is 

.  ~^^   .^..^  ^,92  jf  a^ii   M  XT  has  been  fonnd  to  be 

;  III  co^miwi  3S^  treoods  U  S0°  and  90  seconds 

-Lj .  X-jiol «  36- C.  =  ^  =  6-66, 

Vbac  SiMtiB'  ails  du  -^ifieei^  racosiT'  m,  of  oonne,  a  pnrelj  srbitrar; 
amnbiD;  iataaaiiii:  'if  la  ■:aetnimait  alcae,  and  oolj  bj  anch  of  tbeee  fts 
s«  uiDKii-sii  II  :iu!  opip^  i  ii>  iiiiiniM  InKminentB  recognized  bj 
Snper  k  Tuiiuiii*  nay  be  jocaiibni  fron  C.  DeMp  of  Heidelberg,  and  bear 
:itii  'iiBy:Mi.  :nars.  if  rha  Sjrvnbr  '"T"— '" W-X—fcn i«>lu  YersQchsansUUt 
<jr  ihe  'liBuiataaibiiT-^  Yaaiaischi!  <im  ifi  En^ei'*  liaconieter  hae  been 
adDptk-i  ']*  die  CanmuDM  if  ^^ite  i"!i  i  imiii  Stale  BaQTajs. 

Siiuu  -  ±iiiff  iutc  m  ^^arav  dtiirk  otb  one  max  be  saved  hy  collecting 
■10  :.;.  It  HW  -^a.  numaii  if  S)0  c.c_  cW  molu  witen  mnltiplied  by  6  or 
3*35.  ^qHweu-^Ev.  bwu^c  .■uni.-uc'iaaE  vitalkjae  obtained  in  the  ordinurf  waj. 
Hb  uau  nuigiKQ  -Jtiic  che  <iLZ-«di.  jai.>aU  be  omei«d,  and  a  reflm  condenser 
acarL'heii  u  jb  ai  ^oiitntt!  »"■'  remm  due  i^nar ;  liquids  of  fixed  boiling- 
"       ( I-^t'  C  )  .uai  ~.[A«i^u~  (3ir  C.X  mighC  then  be 


Engler  inti  Eonkli^c  haTe  nxucdin^T  tieagned  a  modified  i 
wbxi:b  tht!  Tiscumewr  anij.  au*>arii^  tek  aie  enclosed  in  a  donble-walled 
ocBijoniil  air-bath  uimie  .'t  stuoC  btim  pble,  3S  cm.  high  and  SO  cm.  wide, 
6^  43  and  U.  Ic  -caai  j  upon  fbai  tnaagnlar  feet,  a,  the  outer  sloping 
aaea  of  which  real  on  the  inside  edge  of  the  ring  ol  a  tripod-staikl,  so  that, 
bT  shifting  Che  appamuf  aboat.  the  oil  in  tbe  cap  can  De  easily  leTelled. 
The  oven  U  heiUed  bi  che  Same  of  a  Banxn  bnmer  placed  onder  the 
copper  bottom  plate,  b,  which  has  a  deep  omcaritj  in  the  centre  and  is 
acrewedlo  [he  buClom  ftut^  with  anasfc«$tos  line  between.  Supported  above 
this  on  ibe  stand  r,  ^ai  ^hiettied  from  direct  radiatioa  bj  the  double  asbeetoe 
disc  /,  ii  the  messurmg  tla^k  t.  The  viscometer  stand*  upon  fonr  legs  on  the 
plate  g,  which  rests  upon  a  projeizting  tim  ;  this  plate  has  a  hole  in  the 
centre  for  the  oil  lo  pa»  through,  and  Tour  oral  tubes,  i,  reaching  above  the 
riro  of  the  oil-vei^sel,  through  which  and  the  central  hole  the  heated  air  from 
below  circulates  and  maintains  a  uniform  temperature.  Qlasa  windows 
U  and  mm  in  opposite  sides  of  the  casing,  and  another  in  the  lid,  illuminate 
the  iutt;rior  and  enable  the  necessary  observations  to  be  made.  Passing 
through  the  centre  of  the  cover  there  is  a  stirring  apparatus,  consisting  of 
a  tubular  axis  uirrring  three  blades  at  the  lower  end,  and  furnished  with 
a  knob  at  the  upper  end  b;  which  it  is  rotated  to  and  fro  ;  slops  on  the  lid 
prevent  it  revolving  mure  than  one-third  of  a  turn,  and  also  prevent  the 
blades  from  comiiigintocontact  with  the  buibof  the  thermometer  i.  The  plug- 
valve,  t,  passes  through  the  axis  of  the  stirrer,  which  can  be  lifted  out  M  the 
nil  and  suBjtended  by  a  projecting  stud  before  the  valve  is  raised.  The 
stirrer  is  made  in  two  parts,  which  can  be  easily  separated  for  cleaning. 
The  oil  is  poured  into  the  cup  through  the  tube  v,  having  previoualy  been 

'  JiMr.  Soc  C'AiBi.  Itui.,  XV.  (18P6),  p.  138. 
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heated  u>  the  required  temperature  in  the  doublc-w>lli-'d  can,  Bg.  43,  wliicli 
ia  ulai  providud  willi  lliermometer  and  stirrer, 

MMod  of  JixfHrrimeid. — The  flask  la  first  jjIaociI  njiun  the  Bla:id  c  ;  then 
the  ulaic  ^  mid  vigcoiiieter  are  put  in  their  places  atid  tlie  cover  ie  Gnul; 
Axta  OD,  taking  care  that  the  marks  on  the  jiliitG,  viacoiiieter,  and  cover  are 
onpc^te  to  the  mark  on  the  side  of  the  oven,  The  outer  thermometer,  11,  is 
placed  with  iU  bulb  next  to  the  viscometer,  and  ttie  thermnnieter  s,  which 
r^istem  the  tempfrttture  of  the  oil,  is  pnaliod  down  until  it«  bulb  nearly 
mxhea  tu  the  UilUim  of  the  cup.  Tlie  tube  i>  is  inserted,  the  stirrer  is 
lowered  into  llie  visoimeler,  sud  the  jet  is  closed  by  nieima  ot  the  Wve  t, 
Having  levellefl  tlie  appuratUB  by  means  of  the  plumb-line  at  tlie  »ide^  heat 


ia  at  firxt  apuliod  sinrnciy,  until  about  fonr-fitths  uf  ihe  desin'd  nee  ni 
tampentun  ha*  taken  nface,  and  then  the  flame  is  irradually  lowered  until 
tha  ti-mpernturr  ia  reiu:ned  and  remains  consiant  The  outer  thermometer, 
■i,  moit  alone  Im  ubxerved  at  thin  stage,  ax  a  layer  of  somewhat  i»)oler  air  lies 
■t  ihn  bottom  of  the  oil-cup.  Meanwhile,  the  can  z,  having  been  filled  with 
uU  nearly  up  to  tlw  mark,  m  heated  to  the  required  temperature  whilst  the 
>un«r  ia  n>tat«l  in  the  direction  of  the  arrow-mark  on  the  lid,  and  tlicn  the 
Rirfac«irf  the  oil  Is  adjusted  bo  the  mark  tuiactly.  When  the  temperature  of 
tli« air  in  the  oven  in  constant,  and  that  of  the  nil  in  the  can  is  from  025' 
to  0-&'  higher,  Uie  oil  is  (|iiickly  poured  down  the  tube  v,  the  can  being  well 
dniinnl,  and  Ilii^  tube  is  then  stojipered.  Having  made  certain  that  the 
■iirlave  id  the  oil  in  level  with  uU  Itii:  ^luiU  (>[i  ihi'  visr.oitit^Ler,  tin-  stirrer  i)' 
workfd  whilst  the  valve-rwi  is  held  tirmly  iji  i"»itioi),  nod  the  temperature 
of  t)w  nil  is  Anally  fw^usted.  Tlie  slirrer  is  then  lifti'd  out  of  the  oil  and 
•lujii-nilnl  by  iii  ittirl,  tb«i  vn1vp  rod  in  withdrawn,  the  hole  being  closed  with 
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KCiirli,  uui  tho  nuiulwrut  eocoiida  roiiuirnd  to  fill  ilie  lUsk  nplo  ifceMOcA 
iiMrk  »  vxkotiv  nntod. 

AMJbif  a/  f>liiitrfiirt<uin>;.^TIii»  inHtniment  in  Btaadudiied  m  tfce  Miae 
'  r  Knijlrr  visimniebir 

^  i*tM.' — ThJN  inRtrumeiit,  wbich  is  mndi  omJ  m 
di^viMtl  bv  0.  S.  DiKiliUle  (or  Dw  in  tlw  Umo- 
luryuf  the  Pciiiujlvsnia  and  Reading  lUbiwi 
Oiiiiipttiiy.  Il  hoH  lieen  in  ooBrtJ  ~  "^  ~~ 
for  uver  ulevun  yvar;  and  ha* 
MtinfacCory  reBiiIti". 

The  BiipHI'atiis  {fig.  45)  cotuitte 
wirr,  Miipctidud  from  a  firm  ~~ 
[wlencd  b>  a  nUni  which  pasn 
|tmdii»led  hurixoiiUl  disc,  hy  ni«i 
the  Wreiou  of  the  wire  may  \ 
Th«  diitc  in  itdjustod  eo  that  the 
to  wro  wht-n  there  is  no  tomon 
A  ryliiidcr,  S  inches  long  b;  \h  indiM  in 
dioaiuttrr,  Imvinc  a  slender  stem  bj  which  to 
»iiB]N:nd  it,  is  tnuii  imnieraed  in  the  oil  to  be 
twtM  ftlid  faateneil  bv  a  llmmb-iicrew.  The 
nil  i«  autrouudeilbyajjftthot  water  or  pamffin, 
aooordiu(t  to  the  temperature  at  which  the 
I'Xperlmont  is  Ui  \ie  iuad&  The  Lemperatnre 
being  adjiHttid  whilst  the  dtee  rests  upon  iU 
Hiip{)ort9,  the  wire  is  twiat«d  360*  by  means 
iif  the  Kutib  at  the  top.  Tlie  disc  being 
tvlmscd,  thH  cylinder  rotates  in  the  oil,  owing 
to  the  torsion  of  the  wire.  If  there  were  no 
nieislaiim  to  the  movement,  the  momentum 
aaiuinKl  by  the  cylinder  and  disc  in  revolving 
Wak  tti  toro  would  r^rry  them  to  360'  in  tlie 
opptsitc  diKclinn;  but  the  resiHlance  nf  the 
«n  Mtiscs  thd  rfvoltitiou  to  fall  short  of  360°, 
and  this  ruiatanuv  is  slated  to  be  directly 
l>ro|<iirtioiial  to  the  viscosity  of  the  oil. 

The  aiinnlost  way  in  which  the  re«ist- 
anw  nifty  ne  nicnaured  is  by  observing 
tliQ  niinilMir  of  degrees  of  retardation 
botwMn  the  first  and  sc<;ond  complete 
arcs  traversMl  \>y  the  disc.  Supposing. 
tor  exaiiiple,  that  the  wire  be  twisted 
360°  and  the  disc  released.  The  finL 
rending  in  token  at  the  ■•ml  of  llie  first  swing  ;  say  30(S'6'  to  the  right.  The 
diK  is  allowed  to  swiuu  bauk  to  the  left  and  no  reading  is  taken,  but  the 
second  reading  is  made  at  tlie  end  of  the  next  swing  to  the  right ;  tay 
338-2*.    We  thus  liavu  :- 

Richt, 355-6° 

Right,  '.        *.        '  .  .    338-2- 


;  Alleu,  Comml.  Org,  Amai,, 
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To  avoid  error,  two  tests  are  made,  one  by  rotating  the  milled  head  to 
the  left  and  the  other  to  the  ri^U  If  the  inkrament  be  in  oorrect  at^ust- 
ment,  the  two  resolta  will  be  the  same ;  but  if  it  be  slightly  out  of  adjost- 
ment,  the  mean  of  the  two  will  be  the  correct  reading. 

In  order  to  overcome  the  variations  in  difierent  instruments,  each  is 
standardized  i^ainst  pure  cane-sugar  ^lutions,  and  the  viscosities  of  oils 
are  expressed  in  terms  of  the  number  of  grammes  of  pure  cane  sugar  which, 
contained  in  100  c.c.  of  the  syrup  at  00  F^  will  at  80*  F.  give  the  same 
retardation  as  the  oiL  Readings  are  obtained  by  making  a  number  of 
solutions  containing  known  amounts  of  pure  cane  sugar,  and  determining 
the  retardation  of  each.  A  curve  is  then  nuu>ked  out  on  squared  paper,  the 
number  of  grammes  of  sugar  in  100  cc  of  the  different  svrups  being  taken 
as  abscissae  and  the  d^pees  of  retardation  as  ordinates.  ^rom  this  curve  the 
value  of  each  degree  of  retardation  in  terms  of  cane  sugar  is  interpolated,  and 
the  values,  arranged  in  the  form  of  a  table,  are  furnished  with  each  mstnmient. 

One  advantage  of  the  torsion  viscometer  is  that  the  observations  are  ouite 
independent  of  the  specific  gravity  of  the  liquid.  Observations  at  high 
temperatures  can  be  readily  made,  and  a  mtxlerate  amount  of  suspended 
matter  in  the  oil  does  not  affect  the  readings.  It  might  be  supposed  that 
inertia  effects  would  vitiate  the  results  ana  become  proportionally  greater 
the  less  viscous  the  oil.  In  regard  to  this,  R.  Job  writes :  ■  **  We  have  spent 
a  good  deal  of  time  in  experimenting  on  the  matter,  and  have  found  that 
the  error  due  to  this  source  is  hardly  measurable,  owin^  to  the  fact  that  the 
wire  is  over  20  inches  long  and  the  cylinder  head  weighs  over  five  pounds, 
while  the  cylinder  itself  is  only  2  inches  high  and  l\  inches  in  diameter. 
Thus,  we  have  comparatively  slow  movement  with  considerable  momentum, 
so  that  the  reading  is  practically  unaffected  by  the  slight  movement  of  tlie 
solution."  Job  sSbo  states  that  after  allowing  the  weight  to  remain 
suspended  for  a  short  time,  no  further  stretching  of  the  wire  taken  place. 

The  Expression  of  Viscosity  Values. 

Although  viscosity  is  a  definite  physical  property  of  liquids,  which 
can  be  accurately  ascertained  experimentally  and  expressed  in  absolute 
measure,  it  has  been  the  custom  commercially,  ever  since  the  intro- 
duction of  mineral  lubricating  oils,  to  select  either  rape,  olive,  or  some 
other  fixed  oil  as  a  standard  and  to  compare  the  fliiidities  of  minenil 
oils  with  it.  From  a  practical  point  of  view  this  method  is  recom- 
mended by  its  simplicity,  and  provided  the  viscosities  of  the  oils  whicli 
it  is  desired  to  compare  do  not  fall  below  a  certain  limit,  which  in  the 
case  of  Redwood's  viscometer  is  about  the  viscosity  of  sperm  oil  at 
60*  F.,  the  relative  efflux  times  of  the  oils  are  very  nearly  projwr- 
tional  to  their  relative  fluidities.  It  has,  however,  been  objected  that 
owing  to  the  natural  variation  in  viscosity  of  different  samples  of  the 
same  kind  of  oil,  even  when  pure,  and  the  much  greater  dittbrciices 
which  may  be  caused  by  the  use  of  an  adulterated  sample  as  a 
standard,  a  fixed  oil  is  not  a  suitable  standard  to  employ.  To  nieot 
this  objection,  Redwood  has  designed  his  standard  viscometer,  the 
principal  dimensions  of  which  are  fixed,  and  each  instrument  adjusted 
so  as  to  deliver  average  rape  oil  at  the  same  velocity.  Kngler's 
viscometer,  used  in  Germany,  is  also  of  fixed  dimensions,  and  there 

^  Private  communication. 
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water  is  the  ataiidard  of  comparison;  but  the  so-called  'specific 
viscosities,'  obtained  by  dividing  the  times  of  etBux  oC  oils  with  that 
of  water,  are  purely  arbitrary  numbers,  and  the  same  is  true  of 
KuiUiler's  viacoHity-numherx,  which  are  referred  to  a  standard  mixture 
of  glycerol  and  water  of  low  viscosity,  and  of  Uoolittle's  viscosity 
values,  which  are  referred  to  cane  sugar  solutions  of  known  strength. 
.Such  arbitrary  numbers  may,  nevertheless,  he  suDicient  for  apecitica- 
tion  purposes,  provided  the  meaua  of  measuring  them  accnrat«ly,  and 
with  the  certainty  of  common  agi'ecment,  exists. 

Notwithstanding  the  efforts  which  have  been  made  to  bring  about 
uniformity  in  the  raeaguremeut  and  expression  of  viscosity  %-alueB, 
much  difKirence  of  practice  still  prevails.  Numbers  of  Tiscometers 
ore  in  use  diflering  from  each  other  in  pattern  and  dimensions,  and 
yielding  results  which  have  no  meaning  to  anyone  oicept  the  possessor 
of  the  particular  instrument.  Results  are  fre(]uently  expressed  in 
seconds,  without  any  information  as  to  the  exact  significance  of  the 
numliere.  Thus,  although  a  knowledge  of  the  viscosity  of  a  l^brica^ 
ing  oil  is  one  of  the  most  important  factors  in  judging  of  il^  suitability 
for  a  particular  purpose,  no  generally  intelligible  method  hitherto 
proposed  of  espreaaing  the  viscosity  has  met  with  more  than  a  limited 
acceptance.  The  imiversal  adoption  of  any  particular  standard 
instrument  giving  arbitrary  numbers  is  probably  too  much  to  expect. 
What  is  wanted  is  a  system  of  standardising,  which  will  enable  the 
viscosity  of  an  oil  in  absolute  measure  to  be  deduced  from  the  time  of 
efflux  measured  in  the  ordinary  way  in  any  well-dcBtgiied  oommercial 
viscometer.     Sueb  a  syateni  of  standardizing  we  proceed  to  explain. 

The  Standardizing  of  Commercial  Efflux  Viscometers. 

Mixtures  of  glycerol  and  water  are  prepared  ranging  in  viscosity 
from  about  0'05  to  about  b'Q,  a  suitable  series  for  the  Redwood 
viscometer  being  the  following : — 

T*Bi.B  XXXI. 


MI»tUM  Na. 

44-4 

1  1129 

0-046 

fi7-0 

114(59 

0-086 

66-0 

1-1712 

,        0157 

70-6 

1'1S3G 

0S28 

-5-5 

11963 

6 

ao-4 

1-2101 

7 

SO'R 

1-2381 

H 

64-8 

1-2485 

4-73 

Mixtures  approji mating  as  nearly  as  possible  to  these  are  prepared 
by  weighing  and  mixing  together  tbe  required  proportions  of  the 
purest  commercial  glycerin  and  water.     The  specific  gravity  of  each 
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20* 
fluid  at  — -,  C.  is  then  carefully  determined  as  directed  on  p.  174, 

and  each  fluid  is  run  from  the  viscometer  in  succession  at  20*  C.,^ 
the  experiments  being  made  in  duplicate  and  the  mean  time  taken. 
Care  must  be  taken  to  prevent  the  absorption  of  water  by  the  stronger 
glycerins.  Finally,  pure  water  is  run  from  the  viscometer  at  20*  C. 
Of  each  fluid  we  now  know — 

1.  The  viscosity  (17),  in  dynes  per  sq.  cm.  at  20*  C,  which  is  ascer- 

tained from  the  table  on  pp.  140-143. 

2.  The  time  (t),  in  seconds,  required  for  the  outflow  of  the  standard 

volume  (50  c.c.  in  the  case  of  Redwood's  viscometer)  at  20*  C. 

3.  The  density  (d),  which  is  calculated  by  multiplying  the  sp.  gr. 

at  ^,  C.  by  0-998259,  the  density  of  water  at  20*  C. 

If  the  viscometer  were  perfect,  the  corrected  time  (td)  would  be 
proportional  to  the  viscosity ;  t.e,, 

Md  =  rff 

k  being  a  constant  the  value  of  which  could  be  ascertained  by  running 
a  single  fluid  of  known  density  and  viscosity  from  the  viscometer. 
But  it  will  be  found  that  the  value  of  k  deduced  from  each  of  the 
different  fluids  (including  water)  varies,  greatly  in  the  case  of  the 
thinner  fluids,  but  only  slightly  with  fluids  above  a  certain  viscosity, 
and  by  plotting  the  results  a  curve  can  be  drawn  from  which  the 
value  of  k  for  a  fluid  of  any  viscosity  can  be  ascertained.  Having 
constructed  such  a  diagram  for  any  viscometer,  a  multiplier  is 
obtained  by  which  the  *  id  *  of  any  oil,  t.e.  the  time  of  efflux  x  the 
density  at  the  temperature  of  efflux,  may  be  converted  into  the  viscosity 
of  the  oils  in  dynes  per  sq.  cm.  at  the  temperature  of  experiment. 

Table  XXXIL— The  Redwood  Viscometer. 


Namber  and 

Detciiptlun 

of  Flnid. 


1.  Water,   . 

2.^ 

3. 

4. 

5. 

(5. 

i. 

8. 

9. 


Glyctirol 

and 

water, 


Viscosity 
at  20'  C. 

(dynes  per 
sq.  cm.). 


001028 

0-0377 

0-2360 

0-4984 

0-7504 

11 123 

2-2674 

4-0356 

8-8370 


Time  of 

Bfflnx  at 

20' C. 

t 

(seconds). 


26-0 

33-4 

87-2 

174-7 

259-5 

383-7 

772-7 

1343-0 

2900-0 


Density 

of  Fluid  at 

20' C. 

d. 


0-99826 

1-0989 

1-1828 

1  -2036 

1-2134 

1-2218 

1-2351 

1-2440 

1-2548 


u. 


25-95 

36-7 

1031 

210-3 

314-9 

468-8 

954-4 

1670-7 

3638-9 


ti^td 
=k. 

1 

Variation  i 
oik       I 
per  cent. 

1 

0-00040 

-  83-3 

0-00103 

-  56-9 

0-00229 

-    4-2 

0-(X)2:i7 

-    0-8 

0-00238 

-    0-4 

000237 

-    0-8 

0-00238 
0-00242 
0-00243 


+ 
+ 


0-4 
1-3 
1-7 


'  The  standardizing  mud  be  done  at  exactly  20**  C,  because  tliat  i»  the  only 
temperature  at  which  the  values  in  the  table  of  glycerin  viscosities  are  correct 
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We  give  the  resulte  obtained  by  standardizing  in  this  manner  two 
commercial  viscomoterB  (really  four ;  since  the  Coleman-Archbutt 
viscometer  may  be  regarded  as  three  inatrumeute  of  different  capacities 
having  a  common  jet).     See  Tables  XXXII.  (p.  157)  and  XXXIII. 

Table  XXXIIl, — The  Col buan-Aroh butt  Vibcohetir. 


Nninberuid 
DMCTlpUon 

of  Vluld. 


0'998269      28-05       00037 


■00095  [     -SSfl  I 


4-0as6      1604B      1-2440    1 1996-0    I   -00208  ■ 


00377 

22-05 

1-0989 

,     24-2 

00156 

-49-4 

02338 

67-65 

1-1825 

800 

■00292 

-   52 

0-4984 

13515 

1-2036 

182-7 

•00306 

-   06 

0-7504 

197-7 

1-2134 

2399 

■00313 

+   1-6 

1-1123 

292-85 

I -2218 

357-8 

-00311 

+  1-0 

2-2874 

601-2 

12351 

742-5 

■00305 

1-0 

4-0356 

1056-5 

1-2440 

1314-3 

-00307 

-   0-3 

0-0377 

127 

r0989 

0-2338 

41-45 

1-1825 

0-4984 

82-95 

1-2036 

0-7504 

120-4 

1-2134 

11123 

178-4 

2-2674 

369-1 

1-2351 

4-0356 

648-5 

1-2440 

8-8370 

1396-0 

1-2548 

146-1 

218-0 
4S5-9 


■00514 
-00510 
-00497 
'  -0050O  ' 
■00504  I 


From  the  results  in  these  tables  it  appears  that  the  meaii  values  of 
k  deduced  from  the  efflux  velocities  of  the  fluids  of  0-4984  viscosity 
and  upwards  might  be  used  to  calculate  the  viscosity  in  absolute 
measure  of  all  oils  exceeding  in  vahio  0-49,  or  we  might  say  of  all  oils 
of  not  leas  viscosity  than  sperm  oil  at  60"  F.  (ijsO-42),  with  a 
maximum  error,  in  the  case  of  either  instrument,  of  ±  3-0  per  cent. 
To  enable  the  viscometers  to  be  used  for  fluids  of  lower  viscosity, 
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aiich,  e.g.,  as  rape  oil  at  150°  F.  (ij^OlS)  or  cylinder  oils  at  212*  F. 
(ij-016toO-36),  the  results  have  been  plotted  on  diagrams.  Fig.  46 
gives  the  complete  curves  for  all  liquids.  Fig.  47  gives,  on  an  enlarged 
scale,  the  first  part  of  each  ourre  for  thin  liquids.' 


The  success  of  this  method  of  standardizing  depends  upon  tlie  flow 
of  liquid  through  the  jet  of  the  viscometer  being  free  from  eddjing 
motion,  and  provided  the  length  of  the  Jet  does  not  exceed  twenty 
times  its  diameter  steady  motion  may  be  relied  upon  in  the  case  of 

'  Tliem  diagruOB  are,  of  course,  a^^licable  only  to  tlie  particular  ii: 
for  wbicll  thay  were  canstruct«(l. 


-rvayitj'.vf  Ayr-  lcbucaios. 

er  — A.ii=rn-  zc^r.  •>*.     With  thinner  liquids  unBteadv 
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iiiiitioii  iiiav  (fci^iir,  uiid  tlio  teiidentv  to  form  eddica  will  be  greater, 
ivlerif  pai'ili'iK,  llie  higher  tliu  density  of  tlie  liciuid  and  the  lower  ita 
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Tiscoaity.  Ttutt  is  to  sa;,  tho  comparatively  heavy  glycerol  solutiooa 
used  for  atandanjizing  will  bo  more  likely  to  set  up  eddieti  than  the 
%bt«r  oils,  and  eouaequently  the  Utter  may  flow  mure  rapidly  than 
glycerol  solutions  of  equal  viscosity.  With  both  the  visccuieters 
t«9ted  by  us  this  has  b<KU  found  to  be  the  case,  and  the  value  of  k 
oorrcspondiug  to  the  Id  of  thin  oils  ia  too  Btnall  to  give  the  true 
viscoeity.  If,  howeror.  the  value  of  k  corresponding  to  1§  id  be 
takcD,  practically  correct  re§iitt«  are  obtained,  even  with  oils  as  thin 
«s  water.  We,  therefore,  apply  this  correction  to  all  thin  oils.  The 
following  rules  oontain  a  summary  of  the  method. 

RULES  FOR  DETEUittNlNG  BY  MBA  !fS  OF  A  STANDARDIZED 
VtSCOMBTER  THE  VIUCOSITY  OF  A  L  UBRICA  TINO  OIL  IN 
ABSOLUTE  MEAtiURS  AT  ANY  DESIRED  TEMPERATURE. 

A.  For  OUb  of  Viscosity  0-4  and  upwards. 

Itt.    Determine  Um   timf  of  fffliix   {I)    of  the   Uandard   volume  in 

aefond*. 
Uttd.  Ddermiw  titf  denaily  {d)  of  t}te  oil  at  the  tanie  tfmji«ralun, 
3rd.  Firvl  the  ealue  of  k  correspo^uling  to  Id. 
Mh.    MuUi/ily  lit  liy  k  ;  the  product  it  the  alieolute  viKoeity. 

B.  For  Oils  of  Lower  Viscosity  than  0-4, 
I  if  ami  2nd.  At  afrnv. 

Srri.  Find  the  value  of  k  eorretpoiuting  to  -—  , 

M.  Multiply  Id  Iff  k;  Ute product  is  the  absolute  rigrotify. 

Th«  following  results  show  the  accuracy  of  which  the  method  is 
capable.  Oils  of  low  yiscosity  were  selected  for  experiment,  as  with 
these  the  error  is  likely  to  bo  greatest. 


— »"■ 

"S-o"' 

Abiolntc 
VlKomolm. 

e  Viteority  * 
RedirDflil 

iso-c,        1 
•  oILha 

0042 

0-122 
0-378 

MhiUni    of  shale  oil 

St£«  oil,        .        . 
8p«rmoiL,     -       . 

„.} 

D-BSflfi 

0-B663 
0-8783 

0040 

0124 
0-377 

0-040 

0-123 

0-377 

I 


Tables  XXXIV.  and  XXXV.  contain  the  complete  results  obtained 
by  teetio;!  in  this  manner  a  numlier  of  lubricating  oila.  Table  XXXVI. 
is  a  wiuimary.  The  curves  in  tigK.  48,  49,  50,  51  show  the  relation 
Iwtwoeu  almoliite  viscosity  and  temperature  in  the  case  of  mineral 
\tine  oila,  as  compared  with  tj^ical  animal  and  vegetable  oils. 
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Tabu  XXXFT.— frtw»^. 

Hrr. 


«--*, 

<. 

-li 

JauMJ  «W  FtfttaWc  Oi/tL 

HWce. 

! 

Si^oi),'   .■■"!; 

11 1-7 

-MS7 

«-s  -oom    0-I8J 

«ei 

■Mil 

I87<    -OWOl      0377 

T.ai* 

3U-« 

-SODS 

21S-2   -ooii*     o-*2a 

CMtOToil. 

iui-0 

-H73 

1357-5  ■onioi    s'Va 

Healnl  wool  bt,     .         .         .        . 

...    1    ... 

Saudi  Jtimtrmi  OtU. 

'8»,' 

fiS-O 

tsaa 

44  4    iJOIlsl    0-OM 

'SS:- 

l08-> 

-87S1 

H-4  -oom  I  o^m 

flWiciaa  jr<«nrf  OOt. 

U,*t(-l.)m«4i»«joa       .        . 

WO 

■8T41 

84-8 

•00167 

0-142 

M5-0 

■8822 

180-9 

iMISS 

0^S43 

Ami^ii  lliHrrai  OOt. 

1 

light  nucfainer?  ■nd  spindle  oil,      . 

17<-9 

■8887 

164^6 

-oom:    0-307 

Medium  ((■!«)  toMhinery  oil, 

*170 

■8967 

373-6 

■0020J      0-762 

He»»-y(|j«lB)enBiQ«uidn»ohiii«ryoa, 

579  0 

-8949 

5I8^1 

■00203  ;     1  -052 

H*.vJ<T«k).fl.oil.      .        .    -    . 

673-0 

■8995 

6027 

■OOiOS      I-2-J3 

Bit™    he.»y    {|.Ie)    engine     ind 

\ 

870 -0 

•8«4« 

599-4 

■OOSOSJ    1'217 

American  J/i7im>;  0>I(. 

too  O.C. 

SlHQdlB0il('P»le886'),.        .        . 

98-2 

■8700 

86S 

■i)(jl88  ■    0-1H2 

„       „    !'IWe880/7O'),     . 

Hl-0 

■8535 

lao-s 

■00196 

0^236 

Light  iMchinciy  oil  (' aOO/7'), 
'floUrred'enginooil, 

193-0 

■8867 

171-1 

-00200 

0-342 

273-4 

■9030 

246  6 

■O0201 

0496 

'  Biyonne  '  engine  oil, 

31S-4 

-8973 

283-0 

■00202 

0  57a 

■8peciJt«d'eBgiDBoil, 

ZHQ 

•9217 

399-0 

00197 

0689 

SB7-6 

■8995 

346-7 

■00204 

o-;oB 

■G»leii.-«leoil 

493-0 

■8946 

4)5-6 

■O0-i04 

0909 

711-0 

■8878 

630-8 

-00203 

1-374 

Filtered  cylioder  oil  ('VilToline')   . 

BOl'-o' 
2S0.C. 

864-0 

■8757 

783 '9 

-00305 

-2-406 

Filtered  cylinder  DilCF.F.F.'),        . 

•8767 

844-a 

-00500 

4-221 

Dirk  cylinder  oil  (■  A').           .        . 

955-0 

■8846 

844-8 

■00500 

4 '3-24 

„   CN');        .       . 

1438-0 

'8849 

1272  6 

■00603 

6^401 

„     ('LooumotiYo').    . 

is^s-o 

■8834 

1463-2 

-00604 

7-324 

Dirh  filtered  cylinder  oil  ('  V '] 

2il9-0 

-8950 

1986-0 

■00505 

10-029 

r  ASD  UIWMKMWTK 
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-S8M  83-a  -00187 

-sasa  M-8  -00191 
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■«J»4  ^WS  -OOiOS 

■tis;  es7-s  -00302 


4      101-4 


^«.»^M  ■•-       ■*.♦*»»••, 


tsai 

M-S 

■00148 

0-0«B 

■S3M: 

5a-4 

■00182 

O^OSS 

-s«o 

«5-« 

■00176 

0-lIS 

81-3 

■ooiss 

O'lBD 

■sr»7 
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-ooiw 

0-lTS 
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tn-4      -itM      40811    -00204 
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Table  XXXIY.— concluded. 


Description  of  OH. 

212-  V. 

Efflux 

1 
Vieoodty 

Velocity 

Densitj 

lA 

h 

(•econdi] 

d. 

(«•• 

K. 

M. 

Animal  and  Vegetable  Oils. 

100  0.0. 

Sperm  oil 

OuTe  oil, 

48^4 

-8229 

867 

•00128 

0*046 

58  6 

'8596 

46  1 

•00151 

0-070 

Rftpe  oil, 

Tallow, 

687 

'8595 

60-6 

•00168 

0-080 

58^0 

•8667 

49*6 

•00167 

0-078 

Castor  oil, 

98-9 

-9060 

89*6 

•00189 

0-169 

Ketttral  wool  fat,     .... 

180-0 

*8909 

160 '4 

•00196 

0'814 

ScoUh  Miner  ai  Oils. 

'866,' 

•  •• 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

*890,' 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

Oalieian  Mineral  Oils. 

Light  (pale)  machinery  oil, 

•  •  • 

•  •  • 

•  ■  • 

•  •  • 

... 

Heavy  (pale)  machinery  oil,     . 

•• 

•  •  • 

... 

•  •  • 

Russian  Mineral  Oils, 

Light  machinery  and  spiudle  oil. 

41-0 

•8442 

34^6 

•00124 

0-043 

Medium  (pale)  machinery  oil. 

51 -8 

•8568 

44*4 

•00148 

0  066 

Heavy  (pale)  engine  and  machinery  oil, 

•  •  • 

•  •  • 

•  •  • 

•  •• 

•  •  • 

Heavy  (dark)  axle  oil. 

•  •  • 

•  •  • 

•  •  • 

•  *  ■ 

•  •  • 

Extra    heavy    (pale)    engine     and 

machinery  oil,      .... 

•  •  ■ 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1 

American  Mineral  Oils. 

Spindle  oil  ('Pale  885*),  . 

86-8 

'8298 

30-5 

•00107 

0  033 

„      „   ('Pale  860/70'),      .        . 

40-8 

•8138 

33  ^2 

•00119 

0  039 

Light  machinery  oil  ('  900/7  '), 
•  Solar  red  *  engine  oil,     . 

43-8 

•8469 

37^1 

•00132 

0-049 

47-5 

•8624 

4^0 

•00142 

0  058 

*  Bayonne '  engine  oil,      . 

50-4 

•8579 

43-2 

•00146 

0-063 

'  Special  red  *  engine  oil, 

•  •  • 

•  ■  • 

•  ■  • 

•  •  • 

M^ium  (dark)  machinery  oil. 

59-1 

•8291 

49  0 

•00156 

0-076 

*  Galena '  axle  oil,    .... 

•  •  • 

•  •  • 

•  •  ■ 

•  «  • 

•  •• 

Heavy  (pale)  machinery  oil,     . 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

Filtered  cylinder  oil  ('  Valvoline '), . 

116  0 

•8377 

97^2 

•00192 

0-187 

t»            It        Ti  (*F.F.F.  ), 

159-0 

•8870 

133  1 

•00191 

0^254 

Dark  cylinder  oil  (*  A*), 

145-0 

•8441 

122^4 

•00196 

0^240 

»i        1)         »i  \  -^  />           *        * 

173  0 

•8454 

146^3 

•00193 

0^282 

„        „         „  ('Locomotive*),   . 

202-0 

•8489 

170-5 

•00200 

0-341 

Dark  filtered  cylinder  oil  (<  N  *),      . 

208-0 

•8556 

177^9 

•00200 

0^356 

W  T 


174-^    ^W237      1«2 


«54    'mm  ^¥jfsr    i-4T9 


:T3^I    r 


u. 


0-405 
0^419 
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Tablb  XXXYI. — Absolutb  YisooeimB  of  Oils  (Suiqcabt). 


DeMaipUon  of  Oil,  etc 

AlMolute  YiwxMilj  (t)  in  Dynat  ] 

[teraq.  cm. 

eo-F. 

100"  F. 

UO"F. 

tirF. 

Water  at  68"  F.  (20**  C),     . 

0-01028 

Animal  and  VegeUMe  OOs. 

! 

Soerm  oil, 

Oliye  oil, 

0-420 

0-185 

0*086 

0-046 

1-008 

0-877 

0-154 

0  070 

Rape  oil, 

Tafiow, 

1-118 

0-422 

0-177 

0-080 

•  •  • 

■  •  • 

0-176 

0-078 

Castor  oil, 

•  •  ■ 

2-729 

0*605 

0-169 

Neatral  wool  far, 

•  •  ■ 

•    • 

1-672 

0*814 

Scotch  Mineral  Oils, 

•8«5,' 

0-146 

0*066 

0-036 

•  •  • 

'890,' 

0-509 

0-183 

0-069 

•  •• 

Oalieian  Mineral  Oils. 

Light  (pale)  machinery  oil. 

0*888 

0-142 

•  •  • 

•  •  « 

Heavy  (pale)  machinety  oil. 

1*264 

0-342 

•  •  • 

•  •  • 

Russian  Mineral  Oils. 

Light  machinery  and  spiudle  oil, 

1166 

0-3o7 

0-099 

0  043 

M^iam  (pale)  machinery  oil. 

3  692 

0-762 

0-196 

0  066 

Heavy  (pale)  engine  and  machinery  oil. 

6176 

1-052 

•  •  • 

1 

Heavy  (dark)  axle  oil. 

6-066 

1*228 

•  *  • 

•  • 

Extra     heavy     (pale)     engine     and 

machinery  oil, 

American  Mineral  OUs, 

6-167 

1-217 

•  •  • 

•  •  • 

Spindle  oil  (*  Pale  886'),      . 

0-463 

0-162 

0  066 

0*033 

„       „  ('Pale  860/70'),          .         . 

0-727 

0-236 

0-086 

0*039 

Light  machinery  oil  ('900/7'),    . 

!    1-138 

0*342 

0*115 

0*049 

•Globe' oil  (dark),      .        .        .         . 

1-362 

0-405 

• «  • 

•  •  • 

Light  machinery  oil  ('  906/10 '),  . 

1-479 

0-419 

«  •  • 

•  •  ■ 

'  Solar  red '  engine  oil. 

1-915 

0-496 

0-150 

0*068 

*  Bayonne '  engine  oil. 

1    2*172 

0-572 

0173 

0*063 

'  Special  red  '  engine  oil. 

3  001 

0*689 

•  •  • 

•  •  • 

Medium  (dark)  machinery  oil. 

3-046 

0-705 

0-210 

0-076 

*  Galena '  axle  oil,        .... 

4*366 

0-909 

•  ■  • 

•  •  • 

Heavy  (pale)  machinery  oil. 

6-606 

1*274 

•  •  • 

•  •  • 

Filtered  cylinder  oil  (*  Valvoline ') 

•  •  • 

2-406 

0-605 

0-187 

,,            ,,        „  (*F.F.F.') ,  . 

1 

•  •  • 

4-221 

•  •  • 

0-254 

Dark  cylinder  oil  ('A'),      . 

•  •  • 

4-224 

0-833 

0-240 

^*N'^ 

•  •  • 

6*401 

•  • « 

0-282 

,,            ,,      ,,  ('Locomotive') 

•  •  • 

7*324 

•  •  • 

0*341 

Dark  filtered  cylinder  oil  ( '  N  ')  . 

•  •  • 

10*029 

•  •  • 

0*366 
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\ 
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Fio.  50. — Heavy  Maehinery  Oils. 


I  .Rmpm  Oil 

Z^AmTtemn  Solar  Hod  Engine  Oil 

3,Am9riesn  Bayonne  Engine  Oil 
4,Amerlemn  Dark  Metf^  MmeliX  Oil 

5.  Pole  ffusslon  Oil  90S/j 


100*  '50* 

Temperature  *  F. 


« 
o 

.3 

> 

p 

I 


€0 


6  0 


4  0 


30 


20 


10 


Fio.  61.— Cylinder  Oils. 


•\ 


\ 


T 


\ 


\       A  Castor  Oil 

Ji 2.  Jfmmrican  Dark''N'Cylin .  Oil 

\    J.  <iO:         do:       "A"         do: 


Valvoline      do: 


en 

O 

.3 

> 


too*  ISO* 

Temperature  *  F. 


2i2* 


.r:  uia:i:A5T5. 


of  Solid  PatB 


■£_  «-i  z.  "s,:.  Ti.  i  •  ilbcti'-w:  isii  iJ«i  j^  follow?  :— 

!_•;._'    '■-•r-     3.  iiMCeT^r.  "d^e?  1  :«:«elT  through  a 

r.rr  _-»»r  ^L^    r  "He  T-i  --  T*:!!!:*?!-  *z;i  JO  the  upper 

-CL-   *  ir.-i  •  T^i^mz  ?      Tirr  iiz  ir  Z7=d^e  is  oontaiiied 

~    .    rsi^jT.   •   -ai-   "Vjiie  t^-'   1 1    '.c:,  ^^h,  which  is 

.^■r:    ~  -?::n  •  ->  -iiij  a  "Jiar  -riiiiz.  'be  point  of  ihe 

-•i.  "■»=s   ir-  z  "Hr  •nr^"'*    c  'ic  in,  :he  p^int  of  the 

rz-i  T  -r  -T-^  -  ■-  j]  ■m.  L^i  ~^  Lie  TiAie /.     The  rod 

•    :_— n    -I.T—:    ■,.   art  g    ji:.:  -Jie  ft.  *zid  the  time 

T- 1    -iiiji-s-    :.=rrr»  "iw  snii  3.:c:hi»  the  pUte  is 

— «  -r.ie=:z*-^-     TTiir  inixiirtir  :c  •e-:':c»i5  eip'Tesees  tne  rela- 

■_•=    r  "je  iic     AZ  -rrKr-nents  with  this 


_:_  -  r-iz-:  *L    "zjji   .-nrfaciii'Tit   :t   ihe  fat,  either  a 

r:-B-  ^  1  s  ,7*   znmniats  vCiZ  w*i*ri:.  or  a  zin«:  rod 

"^  -     ■ 

....-:_        ■      *.   cTizLinerr  ^ni^z,    c  &  ^Iabs  r"«i  01  W  gramiues 

i.  _•         r     v"*^:^-.:.    -r    is«*L    iaii   "^e   iii  =i:2sC  have   remained 

:•  ::ij.:^c:r''>=-i  7  r  7.T«sir7-5:»ir  bicrs  c«for>£  the  test  is 

r— ^ts.      If  k  -^iifiii'.eailT  '.;irz»  :-zji:ii:T  of  the  fat  is 

•  ■-  "— Hrr  n-—  :-  I  ^313.   :pk»  •ylrz.';-*?  wiih  a  loose  bottom, 

'.--•-      ■■  ':*-^-'~-:  1  ;■  x-x  3r."  The  ii:  :  iz.  '■"•*  war  the  fat  is  not 

~  -  -- ::_  j^   ::i=-:r';AaL-7r  ji  -i'  "*?  tli^f  Ttssel.     If  the  repeated 

:.■  si^^T   :.:    i.-s-  zi-t  ^.—-i    ■  a":*rLiz.:  ?isili?.  the  fact  must  be 

.-It-.-   -   ^e  i^rarin*  tiiiLn  :■:  zhtt  stnsitiveness  of  fats 

■-      .?-':7-  i.:  T  iui :    iaZiX    •   vaiirmnrr- Ani  :o  the  fact  that 

*  A?pBir*::a»  :-  s:   r-:  ji  i^  T-L     I:   *  ziiie  of  sheet  bra^  and 
:^-  -""         ?<»■.::,:>>  li  \:r  -wkz^tz  C4:h   :,  the  temperature 

-  *  >      ..::..  •.-.*;     ■■  «^Ci-3^  leu  :     'ie  Twseel  ;;.  an-i  registeretl  by 

-  ^"^  "*:.    -•-  --r  .  v.ti  ^--.zri'zL  ::">  '7  1?  ixdi.  terminating  in  the 
"                    »     -  -^  .'■::.:-.■  JL^      Tie  n:*  .-.Sij  mm.  wide  and  150  mm. 

■-•:.    *  •     :».•->:     3*;   :c  ^j*.  iL:«i<s  wiihia  the  tube  6,  and  the 

^"^  *«*   >      - 1  .:  <  ^:  >.  -.ir*;  :^i  :!:.*  ;ec  i.  Ij  means  of  the  piston  ^, 

""^    '"■'■■■  •--:'-:.    ■- iisvsc:::^     :  nr'  :-=»>&.  iS   mm.  in  diameter,  and  a 


I"" 


.  t     .      .- :;  -^  i::    it  v-lt:   .■•.c:i=.-i:;:ii  of  the  piston,  is  kept  in 

■' >*  ■    >     -  t'  -    _:  <-.T  Ti::'^  -"..■:■**:=.  :'::e  ^rw-ve  h,  on  the  inside  of 

--•■        >.  *      i-     r.  :;•-  u.     -zikz.'.   .:  ■*-"-:. h  j  restricted  by  the  pin  f, 

*   r-t  .:^         :..  ^..        .  ■:>    "^:7  '.It    :-.'kz  i:A  ::  :he  tube  r,  and  acts  as  a 

<*.  L      .•    :•     .1-.  i ;  -  j  .  i:;.'.  ".       -i ':.  J.1  :*^-  ;..  vczitth:  of  the  piston  u?  arrested. 

l':*;  ::i  v.  -  :,  *       ':  r^>;  Ly«.-^:1-.:    a:  ":«:  ^j  :be exptriment  is  commenced, 

Ar-r  >c  ■:*.•_•    ;.  :.-:•_:  :1  -  .j.^  :  ■  :jic  r*::.:  :  :V.e  piston  then  commences  to 

i-i^^:'.  ■•.  i.-.-i         1:    ^>  .^  rill  ml::'.  :r.-r  ^o-vr.-:  pair  of  brackets,  /,  rests  "pou 

•-h.i   .ji.  M,   -:.  -."  :  r-\'.>::--T:.:  :*  .1:  a:i  en-i  ani  the  time  is  note<].     The 

.'>i.i:.-.'.   .c:  ■.;..::  .'.-.  :w:  ia:>    :  lr.i-:kv:s  i-  00  mm.     The  piston  is  loaded 

^•:*.h  ■.'i-.-  •**!.'    r  i  •i;r:::*r:  •  :"  :;:r  ica.i  ^oi^'lits  r,  three  of  SOO grammes, one 

oi  I  .V  j:m::::l:v's  i::  i  ■.  iitf  ■- 1  5*J»  ^niiiiiiios,  acourding  to  the  consistence  of  the 

^reode.      I'lic  w*fi^h:a  are  kept  in  ji«ition  by  the  rod  and  disc;;.     The  weight 

of  I  he  pi>toii  aud  roil  is  170  grammes. 

In  osiii^  ihi^  apparatus^  the  tube  c  L<  M}*^}  with  the  grease  to  be  tested 
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by  fint  inserting  the  pishxi  t  uu)  spieading  the  grease  with  a  farotul  biife 
upon  the  disc  b,  wtd,  whilst  spreading  more  and  more  gieue,  graduallj  with- 
drawing the  piBton  until  the  upper  ouc  reaches  the  open  end  of  Uie  tube. 


Fio.  6S. 

Orcat  care  must  be  taken  that  no  air-bubbles  are  included.  After  pressing 
down  the  grease  with  the  rod  and  disc  «,  the  piston  may  be  withdrawn  and 
another  tuoe  filled,  an,  owing  to  the  extent  to  which  the  consuttency  of  grease 
is  affected  by  working  it  about,  the  tube  after  filling  muat  remain  for  at  least 
twenty-four  hours  at  a  temperature  of  about  20°  C.  before  the  tebt  is  made. 
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k  H  &s  BM  amiij  foD  of  waUr  al  65'  C,  and  this  tent- 
MM^  m  aMBtaoMd  coB«m(  dwing  Uk  UsL  The  tube  of  grease  having 
W^  HHrtid  HMD  tbc  tatd  tain  1^  ite  lUfton  ia  put  in  and  pivsed  down 
nMJ)  Ac  MDf^  ^  n^*  npcm  tbe  cap.  Afui  ihe  lapse  oi  twentj-  minutei,  the 
Mtdij  kBMd  ftrtoB  ■  Kbewted  br  trTning  Uu-  cap,  and  the  time  which 
t^MifaciwaibMMi^^rtiiancitea  1)7  the  atopic  1,  measures  Uie  condstencj 

■lied  fcr  c(MB|«nBg  the  couaislency  of  one  Bunpli^ 

r  of  wrcral  nmplei  with  a  standard,  and  the  lowl 

"    '  '  ■'       onaislency    '  ''  "' 

esperiiiieii 

lat  the  load  niu»t  be  the  mm 

s  nude  with  difiereut  loada^ 


a— SPECIFIC  6XAT1TT  AST  DENSITY. 

i  gisTitj  of  a  solid  or  li>iuid  giibstance  in  the  weight 
i  with  thftt  of  ui  equal  rolume  oi  water  taken  as  unity. 
CnkB  odiienriae  slatad,  tbe  oompaiiDOD  is  made  with  water  at  the 
aame  tenpendure  a»  tbe  aafasUnoe,  but  snch  an  eipresaiou  as  '  sp,  gr. 
at  — ri'meuv  tl>«<'eigi>t  of  tlMsntebuice  M  20' compared  with  water 
«t  4*  UkcB  as  UDitT.  In  tlie  C.G.S.  system  of  unite,  the  specific 
gnvityat—^  C  is  ideiiticBl  with  tliet/out/jr  of  the  substance  at  30*  C 

The  specific  gnvittea  of  the  vegetable  and  animal  oils  and  fluid 
waxes  at  60"  F.  (15-5'  C.)  range  from  about  0-879  in  tlie  cose  of 
qierm  oil,  to  about  0~968  iu  that  of  castor  oil,  and  although 
individual  Epecimeos  of  each  description  of  oil  are  liable  to  vary 
awnewhat  in  specific  graTitjr,  the  timite  of  variation  for  each  of  the 
principal  kinds  of  oil  are  not  wide  and  are  pretty  well  known. 
Hence,  a  knowledge  of  the  specific  gravity  of  an  animal  or  vegetable 
oil  is  valuable,  both  as  a  means  of  identificatjoa  and  also  in  judging  of 
the  purity  of  a  particular  specimen. 

Mineral  lubricating  oils  nuvy  also  be  classified  according  to  their 
Bpecific  gravities  (see  p.  185),  though  this  property  is  of  secondary 
importance  in  relation  to  their  lubricating  value.  It  is,  however,  of 
great  importance  in  distinguishing  between  mineral  oils,  on  tbe  one 
hand,  and  rosin  and  coal-tar  oils  on  the  other. 

DetGnuinatiOD  of  Specific  Gravity. — Practically  three  methods  arc 
in  use  for  det«rmining  the  specific  gravity  of  liquids,  viz. : — 1.  Jig 
ptfknometers.  2.  By  Ihe  sperijie  gravity  lialance.  3.  By  hydrouietfn. 
The  firet  method  is  applicable  to  all  tiijuida,  however  viscous,  and  is, 
therefore,  the  most  suitable  for  lubricating  oils.  The  two  last  methods 
are  adapted  only  for  liquids  of  very  moderate  viscosity,  and  their 
applicability  to  lubricating  oils  ia,  therefore,  limited. 

I  Sbo  Tait,  Pr„ji«rliet  of  MaUer.  tliiid  eUitiuu,  |,.  80. 


PHYSICAL   PBOPERTiES   ANP   EXAJnNATION   OF  LUBRICANTS.     173 

The  terra  '  pyknoraeter '  inctudea  any  vessel  in  which  an  accurately 
measured  volume  of  a  liquid  can  be  weighed ;  the  kinds  in  common 
use  are  the  various  forms  of  specific  gravity  bottle  and  the  Sprengel 
tube.  0(  the  former,  the  plain  form,  with  ao  accurately  ground, 
finely  perforated  stopper,  ie  moet  useful  for  determining  the  specific 
gravities  of  lubricating  oils  at  ordinary  temperatures ;  for  higher 
temperatures,  and  for  limited  quantities  of  material,  the  Sprengel  tube 
is  more  convenient  and  accurate. 

BoUI*  Hstliod. — The  specific  gravity  bottle  with  perforated  stopper  ia 
shown  in  fig.  54.  It  can  be  obtained  of  various  sizes,  but  the  most  suitable 
for  our  purpose  liolds,  nominally,  25  grammM  of  water  at 
60°  F.  The  car>aoi^  marked  on  the  bottle  uuiBt  not  be 
accepted  without  verification,  but  the  bottle  must  be  calihmtcd 
by  ascertaining  its  weighty  when  empty,  and  when  filled  with 
recently  boiled  distilled  water  at  6(i°  F. 

To  ealibriiU  the  bottle. — The  bottle  before  being  weighed 
must  first  be  thoroughly  cleaned,  ringed  with  water,  alcohol, 
and  ether  in  succession,  then  warmed,  and  dried  by  aspirating 
a  current  of  air  to  displace  the  ether  vapour.  The  bottle 
should  not  be  strongly  heated.  The  stopper,  also  cleaned  and 
dried,  is  inserted  ;  the  bottle  is  allowed  to  stand  in  a  cool  place  Fm.  64. 
for  ten  or  fifteen  minutes,  then  wiped  with  a  clean  soft  rag  and 
immediately  weighed.  Some  pure  distilled  water  is  neit  troiled  vigorously 
for  about  five  minutes  in  a  platinum  or  silver  vessel,  rapidly  cooled  to60°F,, 
and  carefully  poured  into  the  bottle,  avoiding  the  introduction  of  air  bubbles. 
The  bottle  is  immediately  immersed  up  to  the  neck  in  a  capacious  busin  of 
water  at  exactly  60°  F.,  and  is  allowed  to  aland  at  this  temperature  tor 
a  tew  minults,  the  wal«r  in  the  basin  being  frequently  stirred  with  the 
thermometer  and  maintained  constant  in  temperature.  The  stopper  is  then 
inserted  in  the  bottle,  well  liedded  into  its  seat,  and  the  surplus  water  which 
baa  exuded  through  the  perforation  wiped  off.  If,  now,  the  temperature  of 
the  water  is  the  came  inside  and  outside  the  bottle,  the  capillary  in  the 
stopper  will  remain  exactly  full,  and  tliere  will  be  neither  contractiou  nor 
exudation  of  water.  When  this  is  the  case,  the  bottle  is  lifted  out  of  the  water 
in  the  basin,  and  slowly  immersed '  in  water  several  degrees  colder,  which 
will  cause  Che  water  in  the  bottle  Ui  contract  and  empty  the  capillary  ;  the  out- 
side of  the  bottle  can  now  be  wiped  quite  dry  and  weighed  before  the  water 
has  time  to  expand  and  exude  from  the  stopper.  Duplicate  weighing;,  if 
carefully  made  in  the  manner  directed,  will  not  differ  by  more  than  two  or 
three  tentlis  of  a  iiiilligtamrae.  At  least  two  weighings  should  he  made. 
The  bottle  is  then  drieaand  again  weighed  empty.  The  weight  should  not 
differ  from  the  previoiM  weight  of  the  empty  bottle  by  more  than  0-5 
niillignuiime.  The  difference  between  the  mean  weight  of  the  bottle  when 
full  and  empty  is  the  inaJer  eapacity  of  the  battle  at  6(f  F.  This  seldom 
needs  to  be  redetermined  ;  but  the  empty  bottle  should  Iw  frequently 
reweigbed,  as  it  may  become  scratched  or  chipped  in  use. 

To  drtermine  the  tpeeifie  gravity  of  oil  at  60'  F. — About  5(i  cc  of  the  oil 
are  poured  into  a  small  Upped  beaker,  stirred  with  a  tberiiioineter,  most 
carefully  avoiding  the  introauclioii  of  air  bubbles,  and  brought  to  exactly 
60°  F.  by  immersing  the  beaker  in  wat«r  2  or  3  degrees  above  or  below  that 
temperature.  The  bottle  is  then  filled  quite  full  of  the  oil,  without  intro- 
3t  first,  expels  som«  liquid 


k  '  Bapid 
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dneinf!  aity  air  t-nbhica,  inimeTaed  np  ' 
•topper  iomdy  iueert«d,  causing  tbe  ex< 
•nd  then,  aSU/r  wsiling  about  five  mi 
tbe  eieen  of  oil  being  wiped  off  the  Un 
that  ibe  lemDeratare  is  correct,  and  tr 
eonln«tii^  lAe  bottle  is  cooled,  viped 
M  in  cali^ting  the  botlle  with  wsi 
weight  the  tore  of  the  cmptT  bottle,  am 
water  capadK'  of  the  bottle,  the  spec 
obtained.     The  thermomeler  used  inui 


to  the  neck  in  water  at  60*  F.,  the 
xm  of  oil  to  uverHow  Into  the  \i»*ia, 
inatex,  bedded  firmly  into  ite  pla«e, 
>  of  the  stopper.  Having  ascertained 
at  the  oil  is  neither  expanding  nor 
dean  and  dry,  and  weighed,  exactly 
ter.  By  subtracting  from  the  tntaJ 
i  then  aividing  the  diffetenoc  lif  tbe 
ri£c  graviU*  of  the  nil  at  60°  F.  if 
It  be  verified  by  comparison  with  a 

ffJj'ecniiand  very  viscoua  liquids  which  cannot  be  poured  into  the  narrow 
neck  of  the  bottle  uiay  be  manipulated  ae  followe  :— The  jet  is  cut  off  S 
30  C.C.  pipette,  making  the  delivery  noule  the  full  bore  of  tlie  tube,  and  the 
dry  pipette  is  filled  with  tbe  liquid.  The  oiiiile  uf  the  pipetle  having 
been  wiped  outside,  is  then  inserted  inlo  the  specific  gravity  bottle  nearly  to 
tbe  bottom,  and  the  liquid  ia  allowed  to  quietly  flow  ouL  In  this  way,  the 
bottle  may  be  cagily  filled  without  the  introduction  of  a  single  air  bubble. 
Tbe  bottle,  whilst  being  filled,  is  held  down  in  water  at  the  required  tempera^ 
ture,  and,  when  tnll,  the  stopper  ia  inserted,  and  the  bottle  ie  allowed  to  stand 
in  the  water  at  constant  temperature  until  eipanaion  or  contraction  has 
ceased.  The  eicees  of  fluid  is  then  removed  from  the  stopper,  the  bottle  is 
cooled,  wipeii  clean  and  dry,  and  weighed. 

SpnnKel  Tube  Method.— Sprengel's  very  useful  pyknomelcr  has  the  form 
of  an  elongat«d  U,  the  armn  of  which  terminate  in  two 
capillary  tnlies  which  are  bent  at  right  angles  in  oppoalle 
direction*.  One  of  the  capillary  tnb«  has  a  very  fine  bore 
and  is  drawn  down  to  a  point,  the  other  has  a  wider  bore, 
about  0'5  niu).  in  diameter,  and  ie  not  diawn  down. 

In  filling  the  tube,  a  small  olas  bulb,  with  a  piece  of 
narrow  rubber  tubing  attached  to  it,  is  fixed  on  to  the 
narrower  capillary  by  means  of  a  perforated  rubber  stopper, 
and  the  wider  capillary  is  dipjwd  into  the  oil,  which  is 
then  drawn  into  the  tube  by  suction  applied  to  the  rubber 
tube,  tbe  glass  bulb  serving  as  a  vacuum  chamber.  This 
i*  the  meOiod  described  by  Spreiigel,'  but  with  liquids  of 
moderate  viscosity  the  glass  bulb  may  be  dispensed  with, 
—^  and  viscous  liquids  can  usually  lie  reduced  in  viscodty  by 
warming,  so  as  to  be  easily  drawn  Into  the  tulie.  When 
fill),  the  tnlie  is  detached  from  tbe  bulb  and  suspeuded  in 
a  beaker  of  water,  as  shown  in  lig.  &&,aDd  the  tem|«rature 
of  the  water  is  maintained  constant,  with  frequent  stirring, 
until  the  liquid  has  ceased  to  expand  or  contract.  It  la 
most  conveuient  to  arrange  the  temperature  of  the  liquid 
in  the  lube  so  that  it  shall  expand,  and  the  liquid  iHabsorbed 
by  a  strip  of  filter  paper  until  it  ceases  to  exude  from  the 
capillary  orifice.  The  tul)p  is  then  lifted  out  of  the  water 
by  means  of  a  small  brara  wire  hook,  and  immersed  for  a 
abort  time  in  colder  water,  so  as  to  contract  the  liquid  and 
enipty  the  capillaries.  It  is  then  wiped  and  weighed. 
Kio,  aS.  The  movement  of  tbe  liquid  in  expanditigor  conlractbg 

laki-E  place,  as  a  rule,  entii'ely  through  the  wider  capillan', 
where  there  is  least  resistance.    The  narrower  capillary,  when  full,  generally 
remains  so,  and  no  liquid  Is  expelled  from  it  unless  expansion  occurs  very 
'  Jour.  Chtm.  Soc.,  1S7S,  p  577. 
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rapidlj.  If  it  U  necessary  to  intioduce  liqnid  into  the  pyknometer,  owing 
to  GontracLion  having  occurred,  a  drop  in  the  end  of  a  gla«s  tube  applied  to 
thepoint  of  the  nnirow  capillary  will  be  drawn  in. 

The  water  capacity  of  tJijg  pyknoiuettr  is  detennined  as  in  the  case  o[  the 
bottle,  and  liaviiig  been  done  with  ^eat  care  need  seldom  be  redelerniitied, 
but  tlie  empty  tube  shonld  be  reweighed  occasionally. 

At  2ia°  F.  (  =  100°  C).— For  determining  the  Bp.  gr.  of  oils  at  the  boiling- 
point  of  waier,  which  for  all  practical  piirpoaeB  may  be  aasunied  to  be 
81S°  F.,  the  neck  of  a  40-o«.  (task  is  cut  down  as  ahowD  in  fig^  66,  and  two 
opposite  nick«  are  filed  in  the  neck  to  receive  the  anna  of  the  Sprengel  tube. 
The  flask  i»  fiUtd  to  the  depth  of  alwut  two  inches  with  hot  water,  a  few 
fr^menl*  of  puinice  are  thrown  in,  and  the  water  is  made  to  boil  vigorously. 
The  filled  Sprengel  tube  is  then  suspended  in  the  steam,  and  the  open  neck 
of  the  flask  is  covered  by  a  watch  glass.  As  soon  as  oil  isnolnncereipelleil 
from  the  lube,  the  ends  of  the  capillary  arms  are  wiped  with  filter  paper 
and  the  tube  is  lifted  out  of  the  Kteaiii,  cooled  by  immersion  in  cold 
water,   wiped  and  weighed.    This  is  the    most    convenient    nictlwd    of 


I 


determining  the  apecific  gravities  of  fatty  aciiie  and  fata  which  are  solid  at 
the  ordinary  temperature. 

Sprengel  tubes  may  be  made  to  hold  as  little  as  1  c.c,  and,  with  care,  the 
renilta  ubiainetl  with  a  delicate  balance  are  surprisingly  accurate.  Sncli 
small  tubes  are  soinetinies  uwful  fur  determining  the  specific  gravity  of  the 
amall  ijiiantities  of  tatty  aoida  obtained  by  aaponifying  miied  oils  in  the 
process  of  analysis.  Sprengel  pykiiometers  are  specially  adapted  for  work 
with  hot  liquids,  oa  they  need  not,  like  bottlea,  be  handled,  and  their  shape 
cansea  the  temperature  of  the  contained  liquid  lo  become  quickly  adjusted. 
The  movement  of  the  liquid  in  the  delicate  capillary  tuliea  indicates  the 
elighliist  variation  of  temperature.  The  only  drawback  ia  the  taJious 
nature  of  the  filling  and  emptying  operations  with  viscoua  liiiiiids,  but 
this  may  be  largely  overcome  by  warming  the  liquid  so  as  to  reduce  the 
viscosity. 

Wertphal  BaluiM  Mathod.— Tlie  Westphal  specific  gravity  balance  (fig. 
67)  ia  an  instrument  of  the  steelyard  type  constructed  lo  indicate  the 
■pecific  gravity  of  a  liquid  by  the  relative  loaa  of  weight  of  a  plummet  of 
known  dtigjlacement  when  suspended  in  the  liquid.  The  complete  indru- 
ment  consists  of  the  balance  proper,  the  glass  diermometer-pluuuuet,  the 


'■ — r.-n.    —1.     -   -::Lit  r.-  rrai  rri 

■ 


.T^-T-.      :-:-•    J:~Z^    L^     'IT?     l-r    T..i,     IlAit    12.-: 

■:    1   •      ~.    -  .r    :    riinii.—  %Li:i':jt -^iiia:- 


---z  ■:  -MI'S 

.1  ~  ■••.•l«'iW 


'.  ^  \        ■  I.  •:   ':<7-.-  -r.-. -':■-.  \T  'ik  .--77-  :    :  i  ?p:«:ific gravity  deter- 
:.   :.i   >   :   *  .\  ■=•,■■■!.:»•:.  7  ij-rr  :•   r.:*  .- :Lt  :  urtn  decimal  place  with 
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the  tnovement  of  the  plummet  tlutt  the  probable  error  becomes  much 
At  anfficicntly  elevated  temperatures  the  viscosities  of  oils  become 
reduced  that  the  Weatpbal  balance  Diay  be  used  for  both  oils  and 


greater.  At  safficientl;  elevated  t«mper3ti 
so  milch  reduced  that  the  Weatphal  balance 
fats,  provideil  proper  allowance  be  made  for  the 

To  delermiiie  the  *p.  gr.  of 


(pansiou  of  the  plummet. 
C,  for  example,  with  a 


instrument  constructed  for  use  at  some  other  temper&ture,  tre  mav  proceed 
in  the  following  manner : — First  determine  bv  means  of  the  balance  tin- 
apparent  sp.  gr.  of  wat«r  at  lOlt"  G.,  =  i,  and  then  the  apparent  sp.  gr.  of 

the  oil  at  IO<i''C.,  =  .';  i  then-?-,  with  the  appropriate  correction  for  vacuo 

added  on  (p.  180),  is  the  true  ep.  gr,  of  the  oil  at  100'  C.    This  result  x 

0-915866  (the  density  of  water  at  100°  C.)  is  the  density  of  the  oil  iit  ^'^'  Q. 

Fig.  58  shows  Carter  Bell's  method  of  using  the  balance  for  determinations 


'ti3Mft|iiii II I II  I 


at  100"  C,  T>  being  a  glass  tube  containing  the  oil  or  melted  fat,  C  a  bath 
of  paraffin  wai,  and  B  the  water-jacket.  Tlie  tube  for  the  CBcape  of  steam 
should  be  prolonged  upwards,  well  above  the  beam  of  the  tmlance.  A 
special  plummet  may  be  required,  aa  the  thermometer  of  the  ordinary 
plummet  has  only  a  limited  range. 

BydTDmatflT  Method.— Of  all  methods  for  ascertaining  the  specific  gravities 
of  liquids  this  is  the  most  rapid,  and  provided  tlie  instrument  used  is 
correctly  graduated,  or  its  error  exactly  known,  very  accurate  results  may 
be  obtained  by  it  with  liquids  of  low  viscosity.  But  no  hydrometer  can  be 
depended  upon  unleM  it  has  been  tested  by  floating  it  in  two  or  more 
liquids  of  which  the  specific  gravities  have  been  determined  by  means  of 
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B  (if  aaj)  between  the  true  tnd 
jti'mi  vsI^hh.  »  abb  of  onm  Bin  lie  etmstnieted  for  any  fairlv  good 
TatBrEOHic,  hj  wftiiJi  Hur  nadiBgi  m*t  be  eonected.  When  the  viacoaitf  of 
^bt  Ji^Tisi  it  fnM  ett^oi^  K  wrioailT  impede  the  free  movement  of  the 
ivirvnuCK'.  *f  »  -^  aat  with  moM  labiiatiiig  oik  at  oitlitiar;  tempeiai- 
R=BK  ihie  pccbkKit  <rri<c  t^t  the  ncthod  u  gteatlj  increased,  and  in  BUch 
CM»  ^«  lyir^^cmcGK  ib:>nU  i.<<iIt  be  lued  wbeie  speed  is  of  chief  importance 
■ki  Ji.'caik.-y  A  iei.vniJiV7  nunei. 

HvirvoMCitn  3Ut  be  iinlad  iAto  two  rlirwrn.  Tii.,  Ihoee  giving  specific 
jpaTiESM  i:7«ix^T.  imi  ibue  ,ti»lQaied  with  arbitiaij  scales.  Bydrometere 
«f  ^  M^tc  .:iiis  saj  be  poRhwcd  of  alnrast  any  siie  and  lange,  and  all 
kniniMcMn  n«^  be'  vmtd  at  tbe  tempcnUiR  for  which  they  have  been 

A  bric  asmbac  of  imftram^M  haviiig  aibitiar^  scales  are  in  uae.  One 
at  At  mM  A'«u».-a  is  Lefebrc's  alwatMer.  It  ia  intended  foi  use  at  15°  C. 
T^  nsK  »  $T»i?aEei  in  d^nes,  nambMcd  from  1  to  38,  and  opposite 
H^  of  ihiiii''  an  ib«  namM  oc  ceKain  oik.  If  immeTsed  in  rape  oil,  it 
wH'.  sak  K>  t&*  IS«b  dt^nc.  ^nin^  which  the  name  rape  oil  appears ;  in 
liwcei  oil  :i  will  jink  to  tbe  3bh  de;^Tee ;  and  to  on.  Theae  numbers, 
iMtnwud  by  9u.\  are  the  tptd&c  ^taritiee  of  the  oil  compared  with  water 
s  KWX  Tibl«  XXXVIII.  oMtUM  a  li^  of  hydrametera,  the  tem]>eratuTe 
M  wUfh  eai:h  is  ioMndcd  lo  be  used,  and  the  fonnola  for  converting  the 
li^rees  mso  »pNi6f  srariDea.' 

Uwbat  aatta^— TLe  for^m^  methods  are  not  directly  applicable  (« 
Miki  £U5  aB>il  wvMs,  bat  with  the  aid  of  a  device  Gist  smggested  by  Fresenius 
and  Sfholn.  ihcy  may  be  mkl«  so.  This  eonsiata  in  preparing  a  mixture  of 
•Itftbiil  and  water  in  which  the  solid  nibetance  neither  sinks  nor  floats,  and 
tikiii^  Um  tp#oifi«  gTaiirr  of  the  liquid.  The  ante  method  is  obvionaly 
applicable  k>  litioid  <«l^  «nd  is  often  cooTUiiently  employed  for  ascertaimng 
the  tpecific  granty  t4  the  small  qoantities  of  hydrocarbon  oil  isolated  in  the 
pnMMB  of  analvsia. 

If  a  solid  cnfNtaiKe  is  being  experimented  with,  it  may  be  prepared  for 
the  lest  in  the  manner  rKMnmendnl  by  Allen  and  Chattaway.  The  ht  or 
wax  t«  melted  at  the  lowest  po«ible  temperature  and  allowed  to  solidify 
ttaneonsly.  without  arii&cial  chilliiiK,  in  a  dat-bottomed  capsule  or  watch 
s.  SmixHh  frapmeais  are  thai  cut  mm  it  with  a  knife  or  oork  borer.  ' 
In  iheiMfcofKiiue  fat^  which  cuntiactgreaUyoneolidiGcation,  such  as  palm- 
not  and  cvv-onul  iiilt;,  it  is  absolutely  es^ntial  to  allow  the  substance  to 
aolidihr  by  ^Uniiiug  over  ui^ht  before  takiiw  the  specific  ^vily.  One  of 
the  fra^ients  thns  obtained  i>  held  under  the  surface  of  dilute  alcohol,  by 
means  of  foTi:«p«.  and  carefully  fned  from  adhering  air-bubbles  by  raeans  of 
a  camel-hair  brush.  The  specific  gravity  of  the  alcohol  ia  then  adjusted 
by  adding  either  stronger  or  weaker  alcohol  (not  water,  because  of  the  air- 
bubbtee  formed  on  miiinc)  until  the  fragment  remains  auspended  anywhere 
in  the  liquid.  The  epecibc  gravity  of  the  diluted  alcohol  is  then  determined 
by  the  hydrometer  or  the  Westphal  balance.  Of  courae,  the  final  adjustment 
of  the  alcohol  must  be  made  exactly  at  the  temperature  at  which  the  specific 
gravis-  of  the  substance  is  required'  to  be  known. 

Bednction  to  the  Vacnum. — The  apparent  weight  of  a  body  in  air 
ia  less  than  the  true  weight  bj  an  amount  equal  to  the  weight  of  air 
displaced  by  the  body.     As  this  is  true  of  the  wcighta  as  well  aa  of 

I  ae«  Dittmar,  Chemital  Arilhnulic,  part  i.  p  78  ;  alsoSchaedler,  Ttehm>im€dtr 
FtUe  WHJ  Of  It,  p.  78. 
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Table  XXXVIII. — Formula  for  Convbrtino  Hydrombtkr 

DEaRSES  TO  Specific  Gravities. 


Hydrometer. 


Balling, 


Beaum^  I.,  . 


Beaum^  II., 


Beaum^  III., 


J36CK, 


Brix, 


Cartier, 


Fischer, 


Gay-LuBsac, 


E.  G.  Greiner, 


Stoppani, 


Twaddle, 


Temperature. 


17-5'  C. 


12-5'  C. 


15' C. 


17-5'  C. 


12-5'  C. 

J  12-5'*  R.  J 

(  15-625'  C.  ] 

12-5'*  C. 

i  12-5*'  R.  { 

)  15'625*'  C.  ( 


4'C. 


12-5'  R.        ( 
625'  C.     ( 


(12- 
tl5- 


For  Liquids 

heavier  than 

Water. 


12-5*  R.         ) 
15-625"  C.     j 


60"  F. 


C  =  Centigrade. 
F= Fahrenheit. 
R= Reaumur. 


s= 

200 
200-n 

s= 

145-88 

145-88  -  n 

s= 

144-3 

144-3  -  n 

s= 

146-78 

'  146-78 -n 

s= 

170 
"170 -n 

Q,.. 

400 

O  — 

'400-n 

s= 

136-8 

126-1 -n 

s= 

400 
400-n 

S- 

100 

o  — 

100-n 

s= 

400 
400-n 

s= 

160 

"leo-n 

S- 

n  +  200 

^"    200 

For  Liquids 

lighter  than 

Water. 


s= 


s= 


s= 


s= 


s= 


200 
200+n 


145-88 


145-88+(n-10) 


144-3 


S  = 


144-3  +  (n  -  10) 

146-78 
146-78 +(n- 10) 

170 
170+n 

400 


S= 


400+n 
136-8 


126-1 +n 


S= 


400 


S  = 


400+n 
100 


S= 


100+n 

400 
400+n 


S  = 


160 


160  +  11 


S= specific  gravity 
n  =  degrees. 
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the  body  weighed,  if  these  happen  to  be  the  same  iu  specific  gravity, 
and,  therefore,  equal  in  volume,  the  error  on  one  side  of  the  scale 
balances  that  on  the  other.  But,  when  the  body  weighed  is  water  and 
the  weights  are  of  brass,  about  8-5  times  heavier  than  water,  the 
volumes  are  nearly  as  17 : 2,  and,  therefore,  the  apparent  weight  of  the 
water  is  less  than  the  true  weight  by  an  amount  equal  to  about  j^f  ths 
of  the  weight  of  air  displaced  by  the  water,  and  the  apparent  weight 
of  any  other  liquid  equal  in  volume  to  the  water  is  short  of  the  true 
weight  by  a  like  amount.  Therefore,  if  W  and  to  be  the  apparent 
weights  of  the  water  and  the  liquid  respectively,  and  if  W  +  a;  be  the 
true  weight  of  the  water,  then  v  +  x  is  the  true  weight  of  the  liquid, 

and  the  real  specific  gravity  of  the  liquid  is  not  —  but  ^ .^     z  is 

always  very  small,  and  when  W  and  to  are  nearly  the  same,  i,e.  when 
the  specific  gravity  is  near  unity,  as  in  the  case  of  most  lubricating  oils, 
the  error  amounts  to  only  one  or  two  points  in  the  fourth  decimal 
place,  and  may  be  neglected.  But,  in  determining  the  specific  gravity 
of  a  mixture  of  glycerol  and  water  for  the  purpose  of  ascertaining  the 
visoosity  by  means  of  the  tables  on  pp.  140-143,  the  correction 
must  be  applied.  As  the  weight  of  air  varies  with  the  temperature 
and  pressure,  the  correction  is  not  always  exactly  the  same,  but 
unless  an  error  of  ±  -00005  is  too  great  (which  is  not  the  case  here), 
the  following  table  ^  will  give  the  necessary  correction  without 
calculation : — 


Tablb  XXXIX.— Corrktion  por  Reduction  op  Specific 

Qravitt  to  a  Vacuum. 


s^  ^.  ^>un<t      ^jnsir  ^ 

Sp.  gr.  found. 

OorrectioB  to 
be  added. 

0-76                    +  0-00031 
0  80                    +  0-00026 
0-86                    +  0-00018 
0-00                     +  0-00012 
0-96                     +  0-00006         1 
1-lH)                     ±   0-00000 

1-06 
1-10 
116 
1-20 
1-26 
1-30 

-  0-00006 

-  0-00012 

-  0-00018 

-  000026 

-  0-00031 

-  0-00037 

Change  of  Standard  (Determination  of  Density). — To  reduce 
the  8jxM?itic  gravity  of  an  oil  or  other  liquid,  compared  with  water  at 
/*  C.  as  standard,  to  the  specific  gravity  compared  with  water  at  4*  C. 
as  standard-  t.e.  to  ascertain  the  derunttj  of  the  liquid  at  ^* — all  that 

*  Aider  Wright,  "On^'FUiid  Si)ecific  Gravities,"  Jour,  Soc.  Chem.  Ind,  xL 
(1892),  p.  297. 

"  Dittmar,  Chemical  Arithvietic,  v  '    '        mi. 
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is  necessary  is  to  multiply  the  specific  gravity  at  t*  by  the  density  of 
water  at  f  which  is  given  in  Table  XL.^ 

Table  XL.— Densities  of  Water  at  4**  0.  (39-2"  F.)  to  100"  C. 

(212'  F.).    {RMdU.) 


t. 


•c. 


4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 


•  F. 


39*2 

41 

42-8 

44*6 

46-4 

48-2 

50-0 

61-8 

53-6 

65-4 

57-2 

59 

60-8 

62-6 

64-4 

66-2 

68 

69-8 

71-6 

73-4 

75-2 

77 

78-8 

80-6 

82-4 

84-2 

86 

87-8 

89-6 

91-4 

93-2 

95 


Density 
D. 


DIff. 


•00000 

'99999 
97 
93 
89 
82 
75 
66 
55 
43 
30 
16 
00 

•99884 
65 
46 
26 
05 

•99783 
60 
37 
12 

•99687 
60 
33 
05 

•99577 
47 
17 

•99486 
52 
18 


-2 
4 
4 
7 
7 
9 
11 
12 
13 
14 
16 
16 
19 
19 
20 
21 
22 
23 
23 
25 
25 
27 
27 
28 
28 
30 
30 
32 
33 
34 
35 


t. 


•  C.   •  F 


36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 


968 
986 
100^4 
1022 
104 
105-8 
107-6 
1094 
111-2 
113 
114-8 
1166 


Deusity 
D. 


48    118^4 


49 
50 
61 
52 
63 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 


1202 

122 

123-8 

125-6 

127-4 

1292 

131 

132-8 

1346 

136-4 

1382 

140 

141-8 

143-6 

145-4 

147-2 

149-0 

150-8 

152-6 


•99383 

47 

10 
•99273 

35 
•99197 

58 

18 
•99078 

37 
•98996 

54 

10 
•98865 

19 
•98772 

25 
•98677 

29 
•98581 

34 
•98486 

37 
•98388 

38 
•98286 

34 
•98182 

28 
•98074 

19 
•97964 


Diff. 


-36 
37 
37 
38 

38 
39 
40 
40 
41 
41 
42 
44 
45 
46 
47 
47 
48 
48 
48 
47 
48 
49 
49 
60 
52 
52 
52 
54 
54 
55 
55 
56 


t. 


•  C. 


68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


154-4 

156-2 

158 

1598 

1616 

1634 

1652 

167 

168-8 

170  6 

172-4 

174-2 

176 

177-8 

179-6 

181-4 

183-2 

185 

186-8 

188-6 

190-4 

192-2 

194 

195-8 

197-6 

199-4 

201-2 

203 

204-8 

206-6 

208-4 

210-2 

212 


Density 
D. 


•97908 
-97851 
•97794 

36 
97677 

18 
•97558 
•97498 

38 
•97377 

16 
•97255 
•97194 

32 
•97070 

07 
•96943 
•96879 

15 
•96751 
•96687 

22 
•96556 
-96490 

23 
•96356 
•96288 

19 
96149 
-96079 

08 
•95937 
•95866 


Diff. 


-57 
57 
58 
59 
69 
60 
60 
60 
61 
61 
61 
61 
62 
62 
63 
64 
64 
64 
64 
64 
65 
66 
66 
67 
67 
68 
69 
70 
70 
71 
71 
71 


At  60' F.,D  =  0-99907. 
70^^,0 =0-99803. 


Atl00'F.,D=0-99317. 
150"  F.,D =0-98044. 


^  Taken,  with  slight  alterations,  from  Dittmar's  Chemical  Arithmetic,  vol.  i. 
p.  107. 
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ExampU.— The  tp.gt.ol  a  miztare  of  gjhfcenil  lad  vUcr  at  — ^  C.  wu 
found  to  be  1-1848 ;  therefore,  the  sp.  gr.  at  ^C,  u.  Uie  dowi^  of  the 

liquid,  is  1-1848x0-99826=1-1838. 

Alteration  in  the  Deuiitfes  of  LabrittttDg  ODs  produced  bj 
Change  of  Temperature. — In  order  to  detennioe  the  viaeaei^  of  a 
liibrioating  oil  at  any  tempeiature,  it  b  neceaaaiy  to  know  the  density 
of  the  oil  at  that  temperature.  At  eitho'  GO*  F.  (15-5'  C)  or 
212*  V,  (100*  C.)  it  is  easj  to  determine  the  denait;,  but  at  inter- 
mediate temperatures  it  is  not  always  eaay.  The  density  may, 
bowover,  be  calculated  nearly  enough,  when  the  densitiea  at  60*  F. 
and  212*  F.  are  known. 

In  Table  XLI.  are  given  the  densities  at  60*  F.  and  312*  F.  c<  >  number 
of  lubricating  oiln,  with  the  aveTsge  differoices  for  1*  F.  and  1*  C.  It 
will  bv  noliR^  that  these  differenccH  are  very  ncarij  the  same  for  all  oil^ 
and  it  is  ]KMsible,  without  much  error,  to  calcnlale  the  density  of  an  oil  at 
any  Kiyen  temperature  between  60°  F.  and  218'  F^  if  we  know  the  density 
lit  6t)*  F.,  by  moauB  of  the  following  forratUa ; — 

J)=d-kt 
Where,  if =the  denai^  of  the  oil  at  60*  F. 

{0000368  for  a  fixed  oil. 
0<X)0367  for  a  Scotch  mineral  oil. 
0-000346  for  a  Ruwian  mineral  oil. 
O'OOOS&O  for  an  American  mineral  oil 
t  =  the  number  of  degrees  above  60*  F. 
D=the  required  density. 

The  following  examples  show  th«  d^ree  of  accuracy  thos  attainable  : — 


roi! 


1.  Rape  OU. 
Density  at   60*  F.  (determined) 


Density  ai 
Dentily  a: 


2.  American  Cylinder  Uil. 

Density  at   60' F.  (determined)  =0'66&6 

Density  al  100°  F.  (calcul8l«d)=08868- 0-000350 x40-=0-871B 
Density  at  100°  F.  (determined)  =0-872O 
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DMcrlpUmxilOU. 

^"'"" 

l>lire«n«i*rOB« 

ucc. 

lurc. 

0-82290 
0-85962 
0-85949 
0-BM72 

0-9(600 
0-89092 

rihr.      1      drat 

AniTmd  and  V^gtlabU  OiU. 

SpennoLI, 

Olireml 

«>;'■:    :    :    :    :    ■ 

CubnoU 

Neiit»l  »ool  r.t,       ,        .       .        - 

0-S7828 
0«15H6 
0-B1506 
0'87840 

*x  ua-  F. 

0-962W 
0-S1370 

1 
0-000384  ,   0-000656 
OOWm     0-000666 
0-000365  1  0 -000659 
0-O00S66  ■   0-OIXW80 

0-000378     0-000659 
0000367  1  0-000660 

1    Avenge 

0-000368     0-000663 

Scettk  Mintral  WU. 

■SB"!'           '.'.'... 

0-86826       O'SllSO 
0-89054    1   0'835«0 

0-000373 
0-000361 

0-000671 
0-0006&1 

AtwhT* 

0-000367     0-000661 

Oalieian  MivrtU  OiU. 

0-88854 
0-(>9fll0 

0-63388 
0-84322 

Avenge 

0-000359 
0-000348 

0-0U0646 
O-OOOOM 

0-000^4 

0  000636 

0-000635 
0-000625 
01)00612 
0-000619 

0-000612 

RunHan  Miieral  OiU. 
Ughl  machinery  »nd  spin.lle  oil, 
Medium  (Mle)  micliin.ry  oil, 
Hwvy  (palBlenginB  anil  machine,  y  oil, 
H»YnSiirli|  B.iB  oil,         .        .        . 
Bit™     h«vy     (p«le|      eugioe     «>>d 
iuw.-hinery  oil,         .... 

0-S»r82 
0'fi09BO 
0-90S50 
0 -00930 

0-90852 

0'S843e 
0-«87B8 
O-SOOS'^ 
088019 
0-90610 
0-91920 
0-91132 
0  93463 
0-88390 
0-907B0 
0-90124 
0-88B1B 
0-8898-2 
0-89908 
0-89832 
0-89974 
0-90B42 

0-84420 

o-8f«ai 

0-85682 
0-86692 

0-86682 

Average 

0-000358 
0-000347 
0-000340 
0-000341 

0-000340 

0-000346 

0-000620 

American  Mintnd  OiU, 
SliiniU8oil(T<le835;|.    . 
^ ,.      ..    (•P.le860/f0-).        .        . 
Iigl,lm.ch{n«rT  oil  (•  900/7')    .        . 

^obe'oil(dBA) 

LiBhtm«hiiie7oilC»5/10'), 
■Solwred'Biigineoil.        . 
'  B^Toane '  engine  cnl,        .        .        ■ 
■3picialred'.ndDedl.    .        .        . 

■Gd«n»«xleol].      ■        ■        ■        ■ 

Dwk'cjlinilCToilT'A'i,     . 

'■        '■      ;,'   ('Loc^mo'ti'e'),      - 
D.rtmMrricFllndcroilCN), 

0-81384 
0-84694 
0-8'2;2B 
0-85-268 
0-86242 
l'-85790 
088172 
0-8-2910 
0-86K.2 
0-84B30 
0-83709 
0-83932 
0-84H4 
0-84440 
0  84732 
0-85566 

Avenge 

0-000969 
0000354 
0-000354 
0-000348 
0 -000317 
0 -000354 
0-0003.=^! 
0O003.''0 
0-000361 
0000345 
0-000342 
0-000338 
0000J32 
0-000361 
0-000361 
0-00031S 
0-000354 

0-000647 
0-000638 
0-000(138 
O-liO0627 
0-|)006a« 
0-000:137 
0-O"O633 
O-OOOfiSO 
0-U0091B 
0 -000621 
0-O0O616 
0000609 
0-O0OS9S 
0000651 
0-000«50 
0-000621 
0-000637 

0-000360 

0-000631 

r': 


r  -W  ?.    -.3^  C   w  MSI  ram 


m 

ii 

IV 

I 


Wiat^^mtm  ttri    tr— ^»»rffc|. 


Innaa  >u  (■cconllac  U  inclUDB-Kilnt). 

d^-^^-  y-.J-_l    .v..k.M>«  " '  " 


PHYSICAX   PROPBRTIBS  AND   EXAMINATION  Ot  LUBRICANTS.      185 


Tablb  XLIII. — Specific  Qravitiks  at 


100* 


100° 
Acids  (Archbutt). 


C.  OF  SOME  Mixed  Fatty 


Mixed  F&Uy  Acids  from  :— 


Olive  oil, 

Arachis  (earthnut)  oil, 
Palm  oil, 
Rape  oil, 
Ravison  oU, 
Cottonseed  oil, 
Linseed  oil, 
Poppyseed  oil, 
Nigerseed  oil, . 
Lara  oil. 
Tallow, 
Wbale  oil. 

Blown  rape  oil  (sp.  gr.  097 18), 
cottonseed  ou  ( 


» 


(sp.  gr.  0-9720), 


Specific  Oravity. 


0-874-0-876 

0-879 

0-870 

0-876-0-876 

0-880 

0-882 

0-892-0-893 

0-889 

0-889 

0-878 

0-870 

0-892 

0-923 

0-9266 


Table  XLIV. — Specific  Gravities  at 


100" 


lOO'' 
Alcohols  (Archhult), 


C.  OF  SOME  Mixed 


Mixed  Alcohols  from  :— 

Specific  Gravity. 

Arctic  sperm  oil,              

Wool  fat,                         

Beeswax, .        .               

Camauba  wax,                

0-8271 
09566 
0-8239 
0-8426 

Table  XLV.— Specific  Gravities  at  60°  F.  (15-5°  C.)  of 
Mineral  Lubricatino  Oils,  Rosin  Oil,  etc. 


Description. 


American  pale  and  red  oils  for  spindles  and 
light  machinery, 

American  pale  and  red  oils  for  engines  and 
heavy  machinery, 

American  dark  machinery  oik,  chiefly  for 
railroad  use, 

American  cylinder  oils, 

Russian  pale  oils  for  light  machinery  {*  No.  2 '), 

Russian  pale  oils  for  heavy  machinery  (^  No.  1 '), 

Russian  extra  heavy  oils,  pale  and  dark, 

Scotch  shale  oils  (lubricants), 

RoBin  oils,  

Heavy  coal-tar  oils, 


Specific  Gravity. 

•860  to 

-923 

•872  to 

-947 

-880  to 

•896 

-886  to 

-906 

-895  to 

•903 

-903  to 

-910 

-902  to 

-920 

-875  to 

-896 

•960  to  I -01 

over 

1-01 

IXmCJTKg  AXD  UrBBICAKTS. 


-FLASHISG-POIKT. 


An  lobriotiB^  otb  «faen  snfiidenth'  heated  give  off  Tapour.  The 
'jta^i-j-fjini '  ^  the  umpentoR  at  which  the  amount  of  vapour 
gtrcQ  oS  IS  aa£c^it  u>  fann  an  inflammaUe  or  mildlj  explosiTe  mii- 
toR  wnii  the  UT  oto-  th«  sn&ce  a<  the  oil,  ao  that  on  the  application 
of  a  fiaow  tfa«  f»aeooa  mixtoic  igniteB  aitd  bams  with  a  momentaiy 
llsih.  As  (he  lonpentDiv  of  the  ofl  riaea,  more  vapour  ia  given  oS, 
and  wbfn  the  prodoMioii  of  vapoor  is  rapid  enougfa  to  tnattitAin  a 
tnatiaaixa  flame,  the  ofl  takes  fire  and  bums ;  the  temperature 
at  wtuch  this  ocrarsbealkd  the  *firiiig-point," fire-test,' or  'burning- 
point  '  of  the  otL  The  deferminauon  of  these  points,  more  eepeciallj 
of  the  fladhin^-point.  is  of  grist  importance  in  the  examination  of 
lalwicating  oih.  becaoae  oils  of  low  flashing-point  are  unaafe  to  use. 

An  impM^ant  differeoce  exists  in  the  behaviour  of  the  two  clasaes 
of  labrkating  oils  whm  heated.  The  fixed  (animal  and  v^etable) 
oQs  do  not  evaporate,  and  no  rapoure  are  given  off  (except,  poaaiblj, 
traces  of  mocstore)  on  heating  th«u,  until  the  oils  begin  to  deoompoee ; 
the  vapooi?  then  given  off  are  producta  of  the  destructive  di&tillatioti 
of  the  ml,  which  requires  a  fairlv  high  temperature  to  bring  it  about, 
and  consequentlv  the  flashing-points  of  such  oils  are  high  (over  400* 
Fahr.).  l3n  the  other  hand,  all  mineral  or  hydrocarbon  oik  evaporate 
when  heated,  and  the  temperature  at  which  sufficient  vapour  is  given 
off  to  cause  a  flash  depends  npoa  what  hydrocarbons  are  contained  in 
the  oiL  Mineral  lubricating  oils  do  not,  as  a  rule,  contain  the  more 
volatile  hydit>carfaona  of  petroleam,  which  belwig  properly  to  the 
naphtha  and  burning  oil  fracti4Hi8,  but '  natttrat '  oils,  and  imperfectly 
refined  oils,  may  give  off  vapour  at  t«mperature8  low  enough  to  be 
dangerous. 

Owing  to  improved  methods  of  manufacture,  and  greater  care  in 
refining,  low-flashing  mineral  oils  are  more  rarely  met  with  than 
formerly  ;  nevertheless,  in  textile  milla,  and  wherever  danger  from  fire 
haa  to  be  guarded  against,  the  precaution  of  determining  the  flashing- 
point  of  the  lubricating  oil  must  never  be  neglected.  In  1883,  Veitcb 
Wilson  tttated  that  he  had  met  with  one  sample  of  oil  offered  for 
lubrication  which  flashed  at  the  ordinary  temperature  of  the  atmos- 
phere, and  seveml  which  flashed  at  150°  to  200*  F.  Ordway,  who 
examined  a  large  number  of  oils  in  actual  use  in  cotton  mills  in  the 
United  States,  found  several  which  flashed  at  180*  F.,  and  a  lar^r 
number  which  flashed  below  212°  F.  The  use  of  such  dangerous  oils 
would  not  now  be  tolerated,  and  a  flashing-point  of  340*-350*  F.  is 
regarded  by  oil  manufacturers,  users,  and  insurance  companies,  aa  a 
standard  of  safety  to  which  all  oils  for  indoor  machinery  ought  to 
attain.  For  outdoor  machinery,  a  limited  quantity  of  oil  is  still  sold 
having  a  flashing-point  of  200*-210*  F. 

It  is  seldom  necessary  to  determine  the  flashing-points  of  fixed  oils, 
but,  an  a  means  of  detecting  or  confirming  adulteration  with  light 
mineral  oil,  the  test  is  sometimes  useful. 
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It  is  a  iiaual  practice  to  determine  the  flashiag-point  of  cylinder 
oik,  on  the  ground  that  oils  of  high  flashing-point  toay  be  expected 
to  evaporate  lesa  in  the  cylinders  tlian  those  of  lower  flashing-point. 
But  there  is  no  necessary  relation  between  the  flashing-point  nnd  the 
volatility  of  lubricating  oils,  and  in  coiupariug  together  mineral  oils 
of  different  origin  (e.g.  lluasian  and  American  oils)  the  less  volatile 
oil  may  even  have  the  lower  flashing-point  (see  Table  XLVIl.  on 
p.  194).  In  the  authors'  opinion,  the  flash ing-pi>int  of  cylinder  oils 
is  a  test  which  might  with  advantage  be  dispensed  with  and  replaced 
by  a  quantitative  determination  of  the  amount  lost  by  evaporation 
under  definite  conditions  (see  Volatility,  p.  191), 

Determination  of  the  Fl&ehing-poiiit. 

'  Open  Test.'    riaBhing-  and  Firii^-PoiiitB. — The  method  formerly 

used,  and  still  preferred  by  some,  for  determining  the  flashing-  and 
burning-points  of  lubricating  oils,  known  as  the  'open  test,'  cousiats 
in  heating  some  of  the  oil,  iu  which  the  bulb  of  a  thermometer  is 
immersed,  in  a  small  open  metallic  cup,  a  porcelain  crucible  embedded 
in  sand,  or  some  equivalent  contrivance,  and  passing  a  small  flame 
aoroaa  the  surface  of  the  oil  at  frequent  intervals.  When  the  amount  of 
vapour  given  off  is  enough  to  form  an  inflammable  mixture  with  the  air, 
apaleblneflasboccnraonapplicAtionof  the  teat  flame,  and  the  tempera- 
ture at  which  this  flash  is  finit  observed  is  the  flashing-point  of  the  oil. 
To  determine  the  liring-point,  the  testing  is  continued  until  on  apply- 
ing the  teat  flame  to  the  surface  of  the  oil  it  takes  fire  and  burns 
continuously. 

'  Closed  Test.'— A  little  experience  is  sufficient  to  show  that  the 
above  rough  method  of  determining  the  flashing-point  is  incapable  of 
giving  uniform  results.  The  temperature  at  which  the  Brat  flash  is 
obtained  depends  upon  the  presence  or  absence  of  air  currents,  the 
r»te  of  heating,  the  she  and  shape  of  the  vessel  used,  the  dialance  of  ' 
the  teat-flame  from  the  oil  surface,  etc.  One  of  the  authors  was 
amongthefirsttoabaudon  the 'open 'in  favour  of  the  'closed  test,' now 
almost  imivereally  employed  for  testing  lubricating  as  well  as  burning 
oila.  For  this  purpose  a  brass  cup  fumiahod  with  a  close-fitting  lid 
and  slide  (an  exact  copy  of  the  Abel  petroleum  cup)  was  conatructed 
with  brazed  joints,  so  as  to  withatand  heating  to  a  high  temperature, 
and  instead  of  the  outer  water-lmth  a  thick  cast-iron  cup  on  feet  was 
made  in  which  the  test-cup  fitted  loosely.  Heat  was  so  applied  to  the 
cast-iron  body  as  to  cause  the  temperature  of  the  oil  to  rise  rapidly  at 
first,  and  when  near  the  flashing-point  the  rate  of  heating  was  reduced 
to  about  two  degrees  per  minute,  and  the  gas  testing-flame  was  applied 
every  two  degrees  by  opening  the  slide,  exactly  as  in  the  Abel  test. 
Improved  forms  of  apparatus  have  since  been  devised  by  Penaky  and 
Martens  and  by  Gray,  in  which  the  important  addition  of  a  stirrer  has 
been  introduced,  which  enablea  the  heating  of  the  oil  to  be  conducted 
much  more  rapidly  without  impairing  the  uniformity  of  the  results. 
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Tbm  Feuky-Martau  Tert  Appkntu.— Thia  s^parotue,  shown  in  fig.  M^ 
comisti  of  the  braaa  cup.  A,  with  flange  B,  which  dropH  looeely  into  the 
caBt-imii  body,  C,  the  flange  resting  npon  the  dome-ehaped  brass  shield,  D. 
The  position  of  the  cup  is  fixed  b^  stuoe,  £E,  which  engage  in  alote  in  th« 
flange.  The  cup  has  a  cloee-fitting  lid  \rith  a  revolving  perforated  slide 
actuated  by  the  epring  lever  H,  by  turning  which  the  openinHs  in  the 
slide  are  brought  over  corresponding  openings  in  the  lid,  ana  the  little  gai 
testing-flame  is  at  the  same 
time  caused  to  dip  through 
the  central  opening  into  the 
atr-BpBce  above  the  oil  in 


•oon  as  it  becomes 
flammable.  The  lid  also 
carries  the  stirrer  S,  with 
two  sets  of  vanes,  one  in 

the   oil   and   the   otiier  in 


In  making  a  test,  the  cup 
is  placed  upon  a  level  sur- 
faoe  and  fiUed  with  oil  to 
the  mark  ;  it  is  then  placed 
in  the  teat-appBTatuB,  and 
the  lid  is  put  on.  The 
small  test-flame  having  been 
lighted  and  tnmed  down 
until  the  luminous  tip  has 
almost  disappeared,  the  oil 
is  gradually  heated  up  by 
□leans  of  the  burner  K,  the 
wire  net,  L,  being  swung 
out  of  the  way.  "Hie  flame 
at  first  used  is  large  enough 
to  heat  the  oil  rapidly,  but 
as  soon  as  the  teat-flame 
when  lowered  into  the  cup 
shows  atendencvtoenlaig& 
the  heat  is  moaerated  and 
the  wire  net  may  be  swung 
over  the  flame.  The  stirrer  is  now  worked  so  as  to  keep  the  oil  as  well  as 
the  vapour  and  air  thoroughly  mixed,  and  the  teat-flame  is  applied  at  every 
two  degrees'  rise  of  temperature,  until  the  flashing- point  is  reached.  The 
temperature  of  Uie  oil  towards  the  end  of  the  experiment  may  rise  at  the 
rate  of  10  degrees  C.  per  minute  (see  below),  so  long  as  the  oil  is  kept 
thoroughly  stirred,  but  the  stirrer  must  not  be  worked  while  the  test-flame 
is  being  applied.  The  application  of  the  flame  should  occupy  abont  two 
seconds,  three  half-seconda  being  occupied  in  opening  the  Mide  and  the 
remaining  half-second  in  closing  it.  Oils  containing  water  must  be  dried 
hv  filtering  through  dry  filter  paper  or  a  column  of  coarsely-crushed  calcium 
chloride  before  being  tested,  as  the  presence  of  much  moiature  causes  very 
irrwilar  and  incorrect  results  to  be  obtained. 

'  li^is  apparatus  has  been  subjected  to  an  elaborate  series  of  tMta  by  Hddft 
By  tnating  repeated  testa  with  oils  of  different  flashing-points,  ha  hiu  shown 
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llUit  mpid  heating  with  coutiDtioiiE,  visoroua  Btirring,  gives  the  enine  results 
as  slow  hcAtiDg  without  etirring,  and  when  tcsling  the  same  oil  Beveral  times 
ilw  results  agreed  witliin  fi  or  8  degrees  C,  {;!i  lo  6i*  F.),  even  wlien  the 
lliermometer  rose  as  m\n<My  as  ItT  C,  [  =  16*  F.)  p«r  intnule  towarcis  thu  eiid 
of  tlie  exptriment.  AcconJiiig  U>  Holtle,  a  risv  m  temperature  of  1S°  C. 
(=22*  Fahr.)  per  minute  U  peroiiasiLle.  The  eize  of  tlie  leBting-flanie  doe* 
nut  iiifliienee  the  reauH  appreciably,  but  it  is  not  desirable  to  use  too  large 
a  tlMD«,  uLherwise  the  flash  may  not  be  plainly  seen.  Filling  the  oil  holder 
aUire  tlie  ntark,  and  so  reducing  the  air  apace,  tends  to  lower  the  flaahing- 
pdint.  Thns,  Holdc  found  that  with  an  oil  Hashing  at  about  165*  C. 
( =3ir  F.)  the  mean  flaahing-point  differed  4°  C.  (=7'2°  F.)  according  to 
whether  the  cup  was  filled  1  em.  Ijelow  or  1  cm.  above  the  mark.  Aooonl- 
in^ly  it  has  been  propoeed  by  Aisinuiann '  that  as  an  oil  of  high  flashing- 
powt  will  expand  during  the  test  more  than  an  oil  of  low  Sashing- point,  the 
tup  should  not  be  filled  to  the  same  mark  with  all  oils,  but  the  quantity 
uaed  iliOQld  be  such  as  will  by  eipauaion  have  reached  to  the  mark  at  the 
flashing-point.  Thus,  taking  O-OOOGS  (per  1°  C.)  as  the  coefficient  of 
expansioQ  of  Bussian  lubricating  oils,  the  total  expansion  per  7G  c.c.  of  oil 
(the  quantity  used  in  the  Martens  cupj  is  0'6  c.c  per  10°  C.  Therefore,  the 
quantity  of  oil  to  be  iiseii  in  order  lo  ascertain  the  correct  flashing-point  of 
Ml  oil  fUshiug  at,  say,  200°  C.  should  be^  according  to  Aisinniann,  not  75 
but  (at  an  initial  temperature  of  20'  C.)— 


„-(--),„.=. 


1  this  way,  Aisintnnnn  obtained  the  following 
Tablb  XLVI. 


r«,.]voio»«. 

CamcMi  Vtiiamt. 

Eedootlonln 

mMhlng-iKilnfC. 

IDI" 

153°              154° 

2-5° 

6-55 

IW* 

200'              200° 

.,. 

7-0° 

8-65 

asr 

268"       1       3ti8" 

268° 

lo-y 

n« 

To  adopt  Aislnniann'a  projKisal  would  greatly  increase  the  labour  of 
determining  the  llBahin)j-pomt,  without  any  equivalent  advantage. 
t«at,  however  perforniad,  is  an  empirical  one,  and  all  that  i*  required  is 
adoption  uf  a  uniform  cvstem  of  testing,  bo  tlwt  dispntes  between  nu 
tacturen  and  u»en  may  oe  avoided.  Tne  principal  object  of  determining 
ike  tlMhine'|x>inl  is  ilie  detection  of  dangerous  and  wastefully  volatile  oils, 
and  (roni  tliis  point  of  view  the  method  of  testing  which  gives  the  lowest 
ntnlt  i*  to  ba  preferred. 

Hokle'liassinctf  published  further  experiments  showing  that  with  oils 
flawing  Ivtwven  ITS'  and  241'  C.  (342"  and  4S6~  F.)  a  vorintioii  of  even  as 
much  as  13  c.c  below  the  noruuti  tilling  of  the  cup  docs  not  alter  the 
fla*lilng-i«int  more  than  I'-rfi'  C.  IV^'-iT  F.). 

'  Jour,  Sec  Chrm.  Ind.,  «iv.  (18S6).  p.  28*.        »  Ibid.,  rri.  (1887),  p.  SM. 
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Qny'i  TMt  Appantiu.— This  (fig.  60)  ii  an  adaptaUoa  of  the  Ptauiky- 
M&rtens  revolving  elide  and  elirrer  to  the  Abel  cup.  The  inreDtor  ttateb' 
that  in  working  with  the  Penek^  appantus  he  foood  the  results  trader 
varied  conditione  to  be  excellent,  and  was  stnick  with  the  idea  that  the 
instrument  might  be  simplified  and  wade  more  suitable  for  every-day  work 
in  the  technical  laboratory.  He  therefore  deviwd  a  modified  apparatus, 
which  is  thu«  described  : — 

"The  BtirreTB,  consisting  of  two  seta  of  vanes,  one  in  the  oil  and  the 


Fio.  60.— Gray's  Tester. 


<ither  in  the  vapour  apace,  are  attached  to  a  vertical  shaft  passii^  through 
tliB  cover  and  terminating  at  the  btp  in  a  small  bevelled  wheel,  the  bevel 
of  which  is  milled.  A  horizontal  shaft  (carried  on  two  supports)  terminates 
at  one  end  with  a  bevelled  wheel,  gearing  with  the  one  on  the  stirrer  shaft, 
and  at  the  other  end  with  a  disc  carrying  a  small  handle  with  which  to 
rotate  the  shaft.  This  shaft  also  carries  a  collnr  with  two  pins  projecting 
alwiit  I  in.  at  diametrically  opposite  points.  By  sliding  the  shaft  slightly 
to  tlie  right,  the  bevel  wheels  are  put  out  of  gear,  and  the  pins  projecting 
from  the  collar  are  drawn  into  position  for  actu^ing  the  testing  arrange- 
ment. This  consists  of  a  sliding  cover  on  the  top  of  the  lid  proper,  so 
>  Jour.  Soe.  Ohem.  Jnd.,  x.  (1891),  p.  S48, 
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&iTi)D|n)]  that  when  the  former  is  uotciI  it  depresses  the  ti>at  light  to  the 
prafier  jwiiit,  and  brings  the  orifices  oppotile  those  an  Chi'  fiieil  lid.  There 
ttn  three  nrifices^  one,  at  which  the  te^t  light  ia  applied,  the  ulher  two, 
■iUuited  one  at  either  eide  of  it,  being  for  the  ailmiesion  of  air.  It  will  thus 
be  reaililj  Reen  that  the  change  from  attrting  to  testing,  and  ricr  rrria,  can 
he  ioBtoutly  performed. 

"The  resnllB  obtained  by  this  apparatus  are  identical  with  thiise  ol>tainui] 
bj  the  Pensky-Hartens.  The;  are  not  alfectetl  by  the  wurce  of  heal,  a 
tuHud  flame  giving  the  same  results  aa  the  aand  bath.  It  is  immaterial 
what  the  rale  at  heating  ia,  provided  it  is  not  too  rapid  to  prevent  n  Korrect 
R«ding  of  the  thermometer.  I  prefer  to  reduce  the  rate  of  heating  when 
Slewing  the  point  at  which  the  oil  ia  expected  to  flaah.  The  Btimrs  do  not 
require  to  be  worked  continuously,  bnt  merely  at  intervala.    I  find  it 

driaable  to  stir  more  fre<jiiently  wfien  the  rate  of  heating  is  fast." 
In  the  latest  form  of  this  apuaratut,  the  oil-cup  does  not  fit  directly  into 

be  tri)>od  »tand,  as  shown  in  the  figtire,  bnt  into  a  coat-iron  veseel  which  is 
supported  on  the  tripod,  wmewhat  after  the  same  manner  as  in  the  Peiisky- 
Martenii  apiiaratus. 

D.— VOLATILITY. 

The  property  of  being  volatile  or  capable  of  evaponitiug  without 
decomposition  diHtiuguishes  the  hydrocarimn  oils  from  the  fixed  oils, 
the  temperature  at  which  evaporatiou  takes  plane  di;pends  iiixiii 
the  nature  of  the  hydrocarbouH  contaiiiod  in  the  oil.  In  any  case  tlie 
oil  dues  not  evajxirate  uaebanged,  for  those  hydrocarbons  which  are 
moat  volatile  pass  off  lirat,  leaving  the  leas  volatile  hydrocarbons  aa  a 
more  or  less  viscid  residue.'     If  the  oil  be  a  mixed  one,  the  fatty 

imponent  remains  also,  and  the  composition  and  character  of  the 
original  oil  may  thus  become  entirely  changed.  The  beet  qualities  of 
siacbiue  oil  scarcely  evaporate  in  use,  but  at  the  high  working  tem- 

tniturcs  of  eteam^cylinders  all  mineral  lubricating  oils  evaporate, 
obvious  that  an  oil  which  evaporates  to  a  serious  eitent  at  the 
working  temperature  caonot  be  an  economical  lubricant,  since  all  that 
•vaporatee  ia  lost  and  the  remainder  may  form  a  viscid  or  even  a  dry 
naiduQ  on  the  bearing.  Notwithstanding  its  importance,  this  pro- 
Bvrty  of  lubriuitjiig  aila  seldom  receives  the  attention  it  deserves,  a 
bigh  flashing-point  Ijeing  generally  regarded  as  sufficient  evidence  of 
tint  durability  of  even  cylinder  oil.  Veitch  Wilson  long  ago  called 
■ttOoUon  to  this  anomaly,  pointing  out  that  the  significance  attached 
to  the  flashing- point  should  be  limited  to  what  it  really  indicates, 
fix.,  the  relative  safely  of  an  oil,  whilst  the  ten<lency  to  evaporate 
should  be  uscHrtiiincd  by  mcAHuring  the  octuul  loss  of  weight  under 
dcfiniti-  c'inditifins  of  time  and  temperature. 

Determination  of  Volatility.— The  usual  method  of  determining 

^e  volatility  of  mineral  lubricating  oil  is  to  place  a  weighed  qiiautity, 

0-5- rO  grm.,  in  a  shallow  dish  or  watch  glass  and  expose  it  in  a 

at  air-oven  for  a  curtuiii  nmnlrer  of  lioim,  noting  the  loss  of 

Veitch    Wilson   Htatex  tliat  niaohine  oils  when  exiMsed  in 

Al  taRI[ientuniii  sbovs  200"  C.  the  liwvy  liydrooikrbulia  dovompoHe. 


it 
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this  manner  for  ten  hours  at  the  temperature  of  the  ordinary  water- 
oven  (about  212*"  F.)  should  not  lose  weight,  whilst  Hurst  states  that 
the  loss  in  twenty-four  hours  should  not  exceed  0*25  to  0*5  per  cent. 
Cylinder  oils  are  tested  similarly  in  an  air-oven  heated  to  the  tem- 
perature of  the  steam  cylinder. 

Archbutt  has  pointed  out  that  the  loss  of  weight  sustained  by  an 
oil  when  tested  in  this  manner  must  depend  upon  the  number  of  times 
the  air  of  the  oven  is  changed  during  the  test,  and  he  has  proposed 
the  following  method  of  testing  in  which  the  receptacle  containing 
the  oil  is  heated  in  a  tube  to  a  known  temperature  whilst  a  current  of 
air  heated  to  the  same  temperature  is  passed  over  the  oil. 


Fio.  61. 

Archbutt's  Vaporimeter  (fig.  61)  consists  of  a  straight  copper  tube,  J  inch 
in  internal  diameter  and  1  or  2  feet  long,  having  a  branch  tube  §  inch  in 
diameter  and  about  10  feet  long,  brazed  into  it  near  one  end  and  coiled 
around  the  straight  tube  as  shown  in  the  figure.  This  tube  and  coil  are 
fixed  in  a  rectangular  air-oven  made  of  tinned  sheet  iron,  the  sides  and  top 
of  which  are  covered  with  asbestos  millboard.  The  oven  is  heated  by  a 
row  of  small  gas  jets,  and  a  thermometer  is  fixed  with  its  bulb  close  to  the 
middle  of  the  wide  copper  tube.  The  ends  of  this  tube  which  project 
beyond  the  oven  are  closea  by  brass  screw  caps,  one  of  which,  at  the  air-exit 
end,  is  perforated  and  carries  a  narrow  tube  in  the  centre.  Air  or  steam 
admitted  to  the  coiled  tube,  after  becoming  heated  in  the  coil  to  the 
temperature  of  the  oven,  passes  over  the  oil  in  the  wide  tube  and  escapes 
through  the  short  tube  in  the  cap.  The  oil  is  contained  in  a  platinum  tray, 
3  in.  long  by  ^  in.  wide  by  ^  in.  deep,  which  for  convenience  of  manipula- 
tion is  placed  m  a  ([lass  tube  which  just  slides  easily  within  the  copper  tube 
and  serves  as  a  carrier. 
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the  constant  speed  of  S  litre*  per 
aliown  in  &g.  02.  The  air  entere 
kept  coQtinuiilly  escaping  at  the 
imnieraed  to  tlie  deprti  of  3  inches 
brauL'h  0,  the  oriHo?  of  which  in 


m^m 


The  current  of  air  is  mninbiined  at 
minute  by  niennsof  the  simple  regiilaMr 
the  regiilntor  at  A,  i>nil  a  slight  txtXM  ia 
lower  end  of  tlw  wide  lube  B,  whicii  io 
in  water.     Tli^'  aupi-ly  I*  laken  from  tli 
iiKliic«d  until  juHt  large  eiioiigli  to 
|i*M  S  lit.ret  per  minnia  agaiii-'t  at- 
miKpheric    preBEiire    nnder    the    3 
inches  head  of  water.' 

The  quantity  of  oil  used  for  a  teat 
i*  (fO  gnn.,  which  tonus  a  thin  layer 
on  the  hutlom  of  the  platiuuiu  Iruy, 
and  the  oil  ia  expoMd  to  the  air- 
eiirrent  for  exactly  one  hour.  The 
tenipcratiirc  of  tlie  oven  u  varied 
to  suit  the  requirementa  of  the  t«at. 
For  cylinders  working  at  160  Ihs. 
preEBureper  k|.  in.,  the  oil  m  tested 
at  370°  ¥.,  and  ihonld  not  \me  more 
than  froniO'SUil  per  cent,  in  weight 
in  the  time  specified  (onehonr).  At 
40(1' F.  (  =  235  Ibn.  pressure)  the  loee 
o(  WEisht  of  cylinder  oile  is  about  two 
•ndahalf  timesa8grefltaaat370°  F. 

If  it  hn  deaired  to  uee  a  current 
oj  ftesiQ  iiuteai)  of  air,  the  inlet 
eud  ot  the  vaporitneter  is  cotinected 
to  a  flask  or  ooiler,  and  the  outUt 
tn  a  condenser.  The  pts  flame 
under  the  boiler  in  regulated  so  aa 
to  distil  a  definite  ^nantity  of  witter 
in  the  hour,  100  c.c.  being  a  con- 
venient volume,  though  92  u.c.  is 
the  volnnie  rei^uired  to  give  a  cur- 
rent of  Bt«am  nearly  equal  to  the 
alxrve- mentioned  air  current.  The 
boiUr  i*  detached,  all  the  Bteaiu  is 
bluwn  out  of  the  tube,  and  the 
pUtinum  trav  cnuiaining  the  oil  is 
inferled.  After  waiting  a  few 
mluutw  for  the  tray  of  oil  to  become  heated  up,  the  steam  curreut  is  tunK-^i 
on.  If  the  tray  be  inBert«d  without  Erst  blowing  out  the  Eteam,  water  coii- 
deuaes  il|ion  the  tray,  the  oil  creeps  over  the  edge,  and  the  test  is  spoiled. 

T1h.>  figurm  En  tliu  fuUow  ing  table  show  the  kind  of  results  obtained 
bj  thia  test.  All  the  Huniplos  of  oil  tasted  were  pure  mineral  oils, 
tlio  find  thrcB  being  dcacrilted  na  cylinder  oils,  and  the  last  two  as 
maching  oils. 

'  Thii  i«  done  by  connecting  Ihi?  eiit-ttilie  0.  by  tnMQS  of  a  flexible  tuW  ami 
oork,  lo  tlio  ueek  of  n  bell-jar  of  known  oapaci^,  full  'it  ■Ka.Uir,  wink  in  a  backet 
of  wKtcr.  A>  th*  atr  |imh»  Into  the  bellgar,  tha  Utter  i>  smduatly  raised  to  Ka 
to  nuthitidn  th«  wma  wntar  level  within  and  without  the  jar,  and  the  oriSee  uf 
Oim  biMich  C  i*  mads  uf  mch  dimensioni  a*  will  allow  tho  jar  t"  HII  in  the 
ealentatad  ltln^ 


-tio±£ 


I_ 
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Tabli  TI.TTI — pLAiBiTC-rMmB  ^xi>  Volatility  Cohpabbd. 


sii^ar. 

Ld«  Of  Wticbt  Id 
OMifoorwnO'F. 

SKSi 

In  Air  1  I 

laatam; 
lOOccol 

pmhmif. 

5       KOMU  MduM  Oa,      . 

l>698 
0«I9 

685* 

Percmt. 
012 
0-54  / 
OBtil 
418^ 
168 
16-3   i 
U-7    / 
U-3    1 

P«OWlt 

6-70 
0-46 
0-68 

181 
17-6 
16-0 
16-7 

its  tb«  TohuDe  of  stckin  puaed  orer  tlie  oils  in  these  esperimenta 
«^  kboul  $  per  c«aL  in  eicesa  of  the  Tolume  of  air,  the  figures  in  the 
last  two  columns  *n  not  ccinp*»ble.  But,  if  w«  assume  the  rate  of 
eTxporatioD  to  hare  beoi  proportraaal  to  tlie  Tolume  of  steam,  and 
correct  the  results  ac«(HdinglT,  the  following  numbers  are  obtained, 
which  agree  so  doeelT  as  to  show  that  the  rate  of  eraporation  in  both 
steuu  and  air  is  the  same. 


A*tn«(U»ip««>C                             1T0.1. 

K,... 

Ko.6. 

In  air  cnnent,        ....           0-&fi 
In  ateaiu  cnrrent  of  ttme  Ttdnme  \        ^  ._ 

16-66 
16-38 

U'60 
16-04 

It  is  evident  that  do  simple  relation  exists  between  the  volatility  of 
an  oil  and  the  flashing-point.  It  b  true  of  the  four  American  oils  that 
as  the  flashing-point  fulls  the  volatility  increases ;  but  the  Russian 
oil  flashing  at  380*  lost  lees  by  evaporation  than  the  American  oil 
flashing  at  402'.  The  two  oils  flashing  at  over  500'  F.  both  lost 
leas  than  0'6  per  cent,  though  there  is  a  difference  of  73*  F.  in  their 
flashing-points ;  on  the  other  band,  No.  3,  which  flashed  88'  F.  below 
No.  2,  lost  over  4  per  cent.,  and  No.  4,  which  flashed  at  only  22'  F. 
loweratill,  lost  over  16  per  cent.    (For  some  further  results  see  p^  310.) 
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E.— SETTIHO-POINT  OE  COLD  TEST  OF  LTTBRICATrNG 
OILS. 

The  effect  of  cold  upon  lubricating  oils  is  not  the  same  as  npoii 
simpltf  fluids  such  as  water,  glyuerin,  et«.  The  latter  have  fixed  and  ' 
uccumtoly  ascertainable  freezing-points,  at  wliich  a  onmplete  change  ' 
from  the  liquid  to  tbe  solid  »bitc  takes  place,  but  lubricating  oils, 
which  are  mixtures  of  bodies  of  various  meltiug-points,  beliave  like 
solutions,  and  frequently  deposit  some  portion  of  their  constituents  | 
before  the  whole  miitnre  solidifies.  Thus,  olive  and  lard  oils  deposit 
KEolid  fat,  sperm  oil  deposits  spermaceti,  and  some  hydrocarbon  oils 
deposit  paratBn.  The  'setting-point '  of  an  oil  will,  therefore,  vary 
aoconJing  to  whether  it  be  regarded  as  the  temperature  at  which  solid 
matter  commences  to  separate,  or  the  temperature  at  which  the  oil 
completely  loses  its  fluidity.  The  setting-point  of  Scotch  mineral  oils 
is  considered  to  be  the  temperature  at  which  the  separation  of  solid 
parsflin  is  observed  to  commence ;  but  Russian  oils,  some  pale 
American  oils  of  high  viscosity,  and  all  dark -coloured  or  opaque  oils, 
which  either  deposit  no  paraffin  or  in  which  the  separation  cannot  be 
seen,  are  considered  to  have  reached  their  settiug-point  when  they 
ceue  to  flow.  The  low  setting-points  of  Russian  and  of  some 
Atneiican  lubricating  oils,  which  deposit  little  or  no  paraffin,  is 
char»ct«ristic,  and  serves  to  distinguish  them  from  most  of  the 
American  and  from  tbe  Scotch  oils ;  Russian  oils,  when  cooled,  simply 
become  more  and  more  viscous  imtil  the  setting-point  is  reached. 
Among  vegetable  lubricating  oils,  castor  and  almond  oils  have  the 
lowest  solid ifying-points. 

Very  erroneous  conclusions  regarding  the  setting-point  of  an  oil 
may  be  formed  unless  sufficient  time  be  allowed  in  making  the  teat, 
Thm  is  especially  true  of  fixed  oils.  Thus  Salkowsky '  found  that  a 
ood-liver  oil,  which  remained  perfectly  clear  when  cooled  for  a  short 
time  to  - 15*  C,  became  quite  solid  after  several  hours'  exposure  to 
-  4*  C.  The  subject  has  been  more  fully  investigated  by  Holde.' 
The  solidilication  of  such  oils  is  promoted  by  stirring,  and  by  adding 
hi  the  fluid  oil  h  fragment  of  the  same  oil  in  a  frozen  state.  Mineral 
oils  assume  their  permanent  state  for  any  given  temperature  much 
more  rapidly  than  the  fixed  oils,  and.  except  when  testing  by  the 
Scotch  method  (see  below),  they  should  not  be  stirred,  as  the  net- 
work of  solid  hydrocarbons,  which  sometimes  causes  such  oils  to  set 
before  they  have  wholly  solidllied,  is  broken  up  by  the  stirring,  and 
the  xetting-pohil  is  thereby  lowered.  Mineral  lubricating  oils  fre- 
quently undergo  a  change  in  their  solidifying  pointa  by  previous 
heating,  and  it  ia,  therefore,  important  that  the  portion  used  for  the 
selting-poiul  determination  should  not  have  been  recently  used  for 
lay  other  test  which  has  involved  heating  above  the  atmospheric 
tempomture. 

'  Jmir.  Sot.  Chtm.  liut.,  vii.  i  ISS8),  p.  37. 

*<  Ibid.,  ix.  (1890),  [i,  112  ;  kIbo  iv.  (1800),  ]i[>.  138  and  100. 


196 


LUBRICATION  AND  LDBRICANTB. 


DatonniiiaUoii  of  tli»  B«ttliiK-Foliit.~Tlie  Bootoh  Mrtliod  for  aseerUming 
the  temperature  at  which  a  mineisl  oil  comraenceB  to  deposit  jMmffin  is  as 
folIowH ' : — The  oil  la  poiired  to  the  depth  of  about  2  inches  into  a  thick- 
walled  test-tube  about  1^  inches  in  diameter,  and  the  lube  ij4  immersed  in  a 
freeiing  mixture  and  slowl;  stirred  by  a  thermometer  until  it  has  been 
cooled  down  considerably  below  the  temperature  at  which  solid  paraffin  first 
appears.  The  tube  is  then  removed  from  the  freezing- mixture,  wiped,  and 
held  up  between  the  eye  and  a  window,  and,  whilst  the  oil  is  constantly 
stirred  with  the  thermometer,  the  temperature  at  which  the  last  trace  ot 
solid  paraffin  disappears  is  read  off.  Ibis  operation  is  repeated  with  the 
same  sample  of  oil  until  two  experiments  nve  concordant  results,  and 
the  temperature  so  found  is  the  setting-point  m  the  sample. 

ATahbuU'i  KaUiod  for  determining,  approximately,  tlie  temperatun!  at 
which  an  oil  ceases  to  flow  is  carried  out  in  a  refrigeiator  (fig.  63),  consisting 


of  a  cylindrical  leaden  jar  A,  6  inches  in  diameter  and  14  inches  in  depth, 
with  a  flat  bottoni,  contained  in  a  wooden  box  B,  measuring  12  inches 
square  inside  and  20  inches  deep.     The  space  between  the  leaden  jar  and 


the  box  ia  filled  with  dry  cotton  waste ;  3  inches  of  waste  are  placed  below 

the  jar,  and  the  top  of  the  jar  is  covered  by  a  loo 

lajerof  cotton  waste  i'^  (ilaced.     The  box  has  a  hinged  lid.     The  oils  to  be 


le  jar  is  covered  by  a  loose  wooden  lia  on  which  a 


tested  are  poured  to  the  depth  of  about  2  inches  into  glass  specimen  tubes 
measuring  6  inches  in  lenffth  by  about  J  inch  in  internal  diameter,  and 
the  tubes  are  corked.  A  similar  tube  containing  Russian  lubricating  oil 
of  low  viscosity  and  setting-point  is  used  to  contain  the  thermometer,  which 
ia  passed  through  a  perforation  in  the  cork  and  has  its  bolb  immersed  in 

About  3  inches  in  depth  of  crushed  ice  having  been  placed  in  the  jar,  the 
lubes  of  oil  are  imnicned  in  the  ice  and  left  Wiere  for  at  least  one  hour. 
They  are  then  taken  out  one  by  one  and  examined,  and  any  oils  which  will 
not  flow  when  the  tube  is  held  in  a  horizontal  poeition  and  lightly  tapped 
on  the  bca  are  reported  as  having  set  in  ice,  or  are  placed  aside  for  fuiuier 

1  Ji>ar.  Sac  Chmi.  Ind.  (i.),  lESl,  8*7. 
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expeHmenL  ThereiuaLnderareretiirnedtolheiceafler  this  has  licen  mixed, 
bv  tlinroiish  HLirriiig.  witti  i.iit&cient.  powdered  «a1t  to  lower  the  (empecatiire 
■Doul  !i'  F.  The  qnanlily  to  add  is  eoam  learued  by  experience.  After 
tweutr  niinateg'  expMurti  to  the  lower  temperature  the  tubes  are  a^in 
eXAuuiitu^  any  oils  which  have  now  s«l  are  taken  out,  and  the  teinpemtur« 
!■  mui  off  ou  the  thermometer.  Tile  addition  of  salt  is  repeftteJ,  and  the 
gradual  lowering  of  tem^ratUre  with  examination  of  the  oils  every  twenty 
minutea  is  contLuued  nntil  the  last  oil  has  set,  or  until  the  temperature  can 
be  reduceil  no  further-  In  tliis  way  the  setting-point  of  an  oil  is  ascertained 
within  6'  F.  A  closer  Approximation  can  be  made,  if  desired,  by  a  second 
experiment,  in  which  Che  temperature,  when  near  the  setting-point,  if  more 
gtaduaily  lowered.  The  Ktting-point«  of  oils  which  solidify  at  lem^ratures 
above  that  of  uieking  ice  may  be  aacerlained  by  ]ilaciiiK  tlie  tubes  in  water 
at  the  temperaiore  of  the  laboraUiry,  and  theu  gradually  lowering  the 
(«mp«rattire  of  thii  water  by  the  addition  of  Bmall  quantities  of  ice  until 
the  «etiiiig- point  of  the  oU  nas  been  reached.  Animal  and  vegetable  oils 
must  l)e  stirred  frequently,  and  the  lowering  of  the  tempeisture  must  be 
more  gradual  than  in  the  aas  of  mineral  oils. 

Hotaitiflter'a  Method. — The  ^jiecial  feature  of  this  method  ia  the  use,  a.^ 
freextn^  liqnidii,  of  saline  tiulutioiis  of  such  strength  that  they  are  saturated 
at  their  freezing-point* ;  such  solutions  when  partially  frozen  remain 
cADstant  in  temperature  until  they  liave  become  entirely  liquefied  or  Bolidi- 
Ged,  and  an;  thus  very  convenient  for  keeping  the  temperature  of  an  oil 
constant  for  a  length  of  time.    The  foUowiog  solutions  may  be  used  : — 

Table  XLVIIl.— Saline  Prbezino  Solutions. 


tun. 

ItetiDtBalt 

•"•a-as:.""" 

yahr. 

c«,t. 

PotaMiiini  sulphate,  ... 
Sodiani  i-arbunate  crv-tain, 
PoCMWum  nitrate, 

Kxltum  chloride. 
Barium  chloride, 
PutAasium  chloride, 
Auuuaninm  chloridi', 

Sodium  nitrstv, 
Sodium  chloride. 

10 

ao 

13 

358 

30 

26 

45 
BO 
33 

28-6- 
88-4° 

ie3- 

I'M" 

tH)5- 

-4-3^ 

-  19' 

-  2-0" 

-  2-B5° 

-  60' 

-  8'7° 

-  lOS" 
-IS-4" 
-IB'Tfl' 

-  1T76- 
-21-:tO" 

oiul  abuut  A  cc.  of  tliu  oil  lo  be  levted  are  placed  in  one  of  the  t 
iinuierawl  iu  the  tutiition.    A  frei^ting- mixture  of  ice  and  salt  is  placed  i 
ibu  outer  ressyl  ft.     A»  wwii  m   "      '  '  ''         '   '  ' 

hllen  ttj  it«  frwzin^  point,  if  it 
tn  doK>  by  Ktirring,  or  br  dro|ipiiig 
which  hat  been  presionaly  troAcn  i 
liqviil  ill  a,  anil  therefore  of  tite  uili 
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so  long  as  tlie  liqaid  remaini  onlj  partially  froien,  uid  to  maintain  it  in 
this  coadition  and  prevent  complete  solidification  from  taking  place,  all  that 
i>  neceflBaiy  is  to  lift  the  vessel,  a,  out  of  the  freezing  raiitnre,  occasionallT,  for 
a  few  minuter  After  the  lapse  of  one  or  two  bonrs,  the  tubes  of  oil  are  lifted 
out  of  the  bath,  and  any  oils  which  do  not  flow  on  inclining  the  tubes  are 


Fio.  <4. 


conaidered  to  have  set  at  the  tempeiature  of  the  bath.  The  remainder  are 
then  teat«d  in  a  solution  fi«eting  at  a  lower  temperature.  The  standard 
liquids  are  preserved  for  uae  in  stoppered  bottles.  This  iaa  scientific  method 
for  determining  accurateljr  the  effect  on  oils  of  prolonged  expoaure  at  low 
temperatures. 


Schnlti's  Method. — In  this  iiiutliud,  iiivd  in  Oenuauy,  the  oil  is  coole<l 
until  of  such  consistencv  that  when  subjected  to  a  fixed  pressure  in  a  tube  of 
specified  diameter  it  will  flow  at  a  definite  minimum  speed.  The  oil  to  be 
tested  is  introduced  into  a  glass  U-tube,  6  mm.  in  internal  diameter,  which 
is  filled  to  a  depth  of  30  cm.  in  each  limb.  Several  such  tubes,  supported 
by  a  ifliitable  stand,  may  be  cooled  together  in  a  solution  of  kuown  frming- 
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point,  as  in  Hof meister's  method,  the  time  of  cooling  being  one  hour.  Each 
tube  in  succession  is  then  connected  by  its  longer  limb  with  a  manometer, 
and  by  opening  a  pinch-cock  a  pressure  equal  to  50  mm.  of  water  is  caused 
to  act  upon  the  oil.  The  specification  of  the  Prussian  State  Railways 
stipulates  that  the  oil  when  tnus  tested  after  cooling  for  one  hour  at  a  tem- 
perature of  - 15*  C.  in  winter,  or  -  6"  C.  in  summer,  must  flow  in  the  tube 
at  a  minimum  rate  of  10  nmi.  per  minute. 

Tagli&lme'i  Standard  Oil  Fteeser  (fig.  65),  used  in  the  United  States,  is 
semicircular  in  shape,  with  a  flat  side.  It  consists  of  an  inner  chamber  F, 
surrounded  by  an  ice-chamber  C,  with  a  non-conducting  jacket  A,  filled  with 
asbestos.  The  oil  is  contained  in  a  glass  cup,  4  inches  m  depth  and  3  inches 
in  diameter,  which  is  fixed  upon  a  rocking  shaft  by  means  of  which  the  cup 
can  be  tilted  and  the  condition  of  the  oil  seen.  A  thermometer  is  immersed 
in  the  oil,  and  two  others  register  the  temperature  of  the  ice-chamber.  Two 
stopcocks  connected  to  the  inner  chamber  are  for  the  introduction  of  warm 
air,  if  it  is  desired  to  raise  the  temperature,  and  the  tap  at  the  side  is  for 
draining  away  the  liquefied  ice.  A  glass  vrindow  in  the  flat  side  enables  the 
oil  to  be  obeerred. 

Table  XLIX. — Frsbzino-points  of  some  Vboetable  and 

Animal  Oils. 


ou. 


Arachis  (earthnut)  oil. 
Beech  nut  oil, 
Cameline  oil. 
Castor  oil,    . 
Cod-liver  oil. 
Cottonseed  oil, 
Curcas  oil,   . 
Hempeeed  oil, 
Lard  oil. 
Linseed  oil, 
Maize  oil,     . 

Mustard  oil  (blacky 

„       „     (whiteX 
Neatsf oot  oil. 
Nigerseed  oil, 
Olive  oil, 
Poppyseed  oil, 
Porpoise  oil, 
Rape  oil. 
Seal  oil, 
Sesam^  oil.  . 
Sperm    oil    (Southern 

and  Arctic), 
Sunflower  oil. 
Walnut  oil, . 


Freezing-poliitg. 


'F. 


+32  to  +19-4 

+  1-4 

-   0*4 

+  14  to  -0-4 

+32  to  +14 

+33-8  to  +50 

+37-4 
Between  +  5  and  - 1 7*5 

+  26  to  +42 
Between + 5  and  -  1 7*5 

+  14to  -4 

+  23(Holde) 

-\-0'b  (Chateau) 

+  17-6  to  +3*2 

+32  to  +50 
Below  + 15-8 

+  39-2  to  +21-2 

+  3-2  to  -    13 

+  3-2 

+  28*4  to  +10-4 

+  28-4  to  +26-6 

+  24*8  to  +21-2 

About  32- 
+  3-2  to  -1-3 
Between +5  and  -  17'6 


•c. 


{ 


Oto   -7 

-17 

-18 

-10  to  -18 
0  to  - 10 

+  1  to  +10 

+  3 
Between  - 15  and  -  27 '5 

-4to-6-6 
Between  - 15  and  -  27*5 

-10  to  -20 

-  5  (Holde) 

-  \7'5  (GhaUau) 

-  8  to  -16 
Oto  +10 

Below  -9 
+  4  to  -6 
-16  to  -18-5 
-16 

-  2  to  -  12 

-  2  to  -   3 

-  4  to  -  6 

About  O** 
- 16  to  - 18-6 
Between  - 16  and  -  27*6 


{ 
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Table  L.— Frbbzino-points  of  Mineral  Lubricating  Oils. 


Description.        I  Fteeziiig-potnt. 


Scotch  oils, 
American  oils, 


Russian  oils, 


About  32*  F.  ( Veitch  Wilson). 

Very  variable.  Depends  largely  upon  the  amount  of 
solid  hydrocarbons  present  Winter  machinery  oil 
generally  sets  at  26'  to  32"  F.  ( -  4"  to  0'  C.)  by  Arch- 
butt's  method ;  but  oils  which  remain  fluid  at  0*"  to 
10"  F.  (  - 18'  to  -  12'  C.)  are  met  with. 

The  best  qualitieB  of  refined  machine  oil  do  not  cease 
to  flow  when  cooled  to  zero  Fahr.  (  - 18"  C). 


F.— MELTINO-POnrrS  OF  FATS  AND  LUBEIGATING 

GREASES. 

Melting  and  Solidifying  Points  of  Fatty  Adds. — In  the  melting  of 
natural  fats,  mixed  fatty  acids,  lubricating  greases,  etc.,  the  same 
phenomena  present  themselves  as  are  observed  in  the  setting  or 
solidifying  of  oils,  viz. : — that,  as  we  are  dealing  with  mixtures,  the 
temperature  of  incipient  fusion,  at  which  some  portion  of  the  substance 
becomes  fluid,  and  the  temperature  of  complete  fusion,  at  which  the 
whole  has  liquefied,  are  not^  as  a  rule,  the  same.  It  has  also  been 
observed  that  the  melting-points  of  fats  and  fatty  acids  may  be  pro- 
foundly modified  by  previous  heating  of  the  melted  substance.  Thus, 
Clague  ^  found  that  the  melting-point  of  cacao-butter,  originally  75*  F., 
was  raised  to  86°  F.  by  keeping  the  melted  fat  at  a  temperature 
just  under  100*  F.  for  two  hours.  A  temporary  change  in  the  melting- 
point  usually  occurs  immediately  after  the  substance  has  been  melted 
and  re-solidified.  Thus  Be  van  ^  found  that  a  crystallized  fat  obtained 
from  lard,  which  had  been  melted  in  a  test-tube  and  then  caused  to 
solidify  rapidly  by  chilling  in  cold  water,  re-melted  at  a  temperature 
about  15*  below  the  first  melting-point;  on  gradually  raising  the 
temperature,  the  fat  re-solidified  and  regained  its  normal  melting- 
point.  In  consequence  of  such  facts  as  the  above,  the  temperatures 
recorded  as  the  melting-points  of  fats  and  fatty  acids  by  different 
observers,  using  diflerent  methods  of  preparation  and  manipulation, 
unfortunately  present  discrepancies  which  will  not  be  removed  until 
some  uniform  system  of  testing  has  been  agreed  upon. 

In  the  examination  of  lubricants,  the  object  of  a  melting-point 
determination  may  be  twofold.  Firstly,  a  knowledge  of  the  melting- 
point  of  a  fat  or  lubricating  grease  may  be  required  for  the  purpose 
of  ascertaining  its  behaviour  under  the  practical  conditions  of  lubrica- 
tion ;  and  secondly,  the  melting-  or  solidifying-point  of  a  fatty  acid 

*  Allen,  Caml,  Org,  Anal,^  vol.  iii.  pt  ii.  p.  570. 
«  Analyst,  xviii.  (1898),  p.  286 
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PreptrmUon  of  the  SnbeUaoa.— WhaU'vei  ineLhod  be  empluytd,  wrlain 

preoautioiiB  miisl  be  observed  in  llie  preparation  of  the  substttiice,  cliief  at 

which  are  the  following  ;  — 

(1)  Except  in  the  cafe  of  lubriciiliiiggc«u«s(' solidified  oils')  evenr  trncc 

uf  moiatnie  prmient  mnot  be  riiiuoved.     Having  melted  Che  Bab«tance 

in  the  water-oven  Mtd  allowed  all  vioible  wiiter  to  settle  out,  the  fat  or 

oil  ia  poured  off,  aud  the  reniuning  traces  of  moisture  are  Kot  rid  of 

either  by  filtering  through  dry  filter  paper  or  by  further  heating  in 

tbe  water-oven  until  a  cold  glaaB  placed  over  the  beaker  no  longer 

becoDiea  dimmed  by  condensed  water  vapour.     Lubricating  greases, 

in  which  water  may  be  present  as  an  essential  constituent,  must,  of 

euune,  be  tested  without  any  previcnia  preparation. 

{2}  In  welting  fats  or  fatty  acids,  previous  to  the  determination  of  the 

melting-point,  the  temperature  should  not  be  rai^  higher,  and  the 

heating  should  not  be  continued  longer,  than  is  absolutely  necessary. 

(3)  Sudden  chilling  to  hasten   re-suUdification  must  not  he  resorted  to. 

The  substance  mn»t  be  allowed  Ic  solidify  naturally.    If  the  tempera- 

tnn  of  the  room  be  alwve  the  solidifying- point,  the  substance  ehoidd 

be  placed  in  a  suffloiently  cool  cupboard  or  refrigerator,  and  after 

Rolidificiition  has  tAken  place,  at  least  an  hour  or  two,  and  in  most 

cases  from  twelve  to  twenty-four  hours,  should  be  allowed  to  elapee 

Wore  the  determination  of  the  melting-point  is  undertaken. 

DvMnolnaUoD  of  Heltin;-  and  8oUdlfying-p<rfnti.— FaU'i  Hethod.— By  this 

uictbuil  the  tf^niperatiire  oF  incljiieut  fusion,  ut  which  a  substance  begins  lo 

melt,  ie  determined.    The  bulb  of  a  thermometer  T  (fig.  68)  is  dipped  into 

the  nieltei]  subalanct  and  reiuovud  with  a  coating  of  the  substance  udhering 

X>  it.     After  this  ha?  solidified,  and  lias  remained  for  a  siillicieiit  length  of 

JiDe  t«  acquire  its  normal  melting-point,  the.  tliermometer  i»  fixed,  by  means 

rf  >  oork,  in  a  long  boiling-tube  C,  the  bulb  of  the  tbermomcter  lieizig  jilaoed 

about  I  inch  above  the  bottom  of  the  tube.     A  groove  is  cut  in  the  side  of  the 

cork  fur  tbe  escape  of  air.     The  tube  is  then  supported  in  the  clamp  of  a 

reiort  ctAiid,  abi>ut  1  inch  above  a  disc  of  sheet  iron  or  aslwstos,  which  is 

heatiM]  by  means  of  a  Nmall  dame  so  that  the  temperature  rises  very 

Srailiially.  Tlie  moment  a  drop  of  liquefied  fat  is  obierved  lo  collect  ttt 
i«  lower  {Virt  ui  the  llierniometer  bulb,  the  temperature  is  read  off  and  ii 
recorded  ns  tli--  iiieltitiji-jioint.  This  is  a  very  good  method  for  the  e 
tion  of  tiiDuw  niid  other  ItitR, 

Mock's  MeUiod  for  Orsaaea, — The  [olUiwing  modification  of  Pohl's  mctiiiKl 
has  been  renommendcd  by  Stock  for  ascertaining  the  mdting-poinlsof  sonp* 
Ikiekenal  oil*'  A  elcnn,  narrow  lesl-tube  is  fitted  oi.r  the  lower  end  of  n 
tlivnuOBieter,  bv  means  uf  a  baud  of  hIijui,  indiurublun- tubing,  the  annular 

Ste  lictwe«n  tlio  walls  of  the  tube  and  llie  Ilieruionicter  not  exceeding  une- 
t«entli  of  an  Inch.  The  narrow  teHt-tubu  is  tixed,  by  mcaus  of  a  cork, 
within  a  wiilsr  and  lonuer  tube.  A  small  quantity  of  the  mmplo  to  be 
Uttoi  is  tAkcn  upon  the  bulb  of  the  thermometer,  which  is  then  caiefiilly 
iiusrtcd  itito  the  inner  tube,  down  to  within  half  an  inch  of  the  bottom, 
The  widur  tube  in  then  immerBed  in  n  l>enkcr  of  cither  water  or  elenr  lani 
oil  (occuidinti  to  the  malting -point  of  tlir  grcusc)  and  in  heated  on  a  disc 
of  a*beiitca  niillbuiutt  »up|Hirlcd  over  an  Argiiiid-Buns«u.  By  bringing  the 
«  np  lu  llie  xidc  ot  the  bottker,  the  l<.'mperaturo  al  which  the  i 
'  ^..aV,  xlv,  (1889),  p.  2. 
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down  to  a  clear  bead  at  the  bottom  of  the  tube  mar  be  obaeired,  hj  meani 
of  a  1tand-)«m  if  neceasaiy.  Thie  ia  recorded  as  Ute  melting-point  of  the 
■ample. 

OapillaiT  Tnbe  IlethiNL — Thia  simple  method  for  determining  the  point 
of  incipient  fusion  is  frequently  luea  for  the  examination  of  faUy  acids  and 
other  Bubatancea  of  fairly  definite,  and  not  too  low,  melting-point.  There  are 
several  wajs  of  operating,  but  the  following  is  one  of  the  moat  convenient. 
The  capillary  tuDes,  which  are  made  by  drawing  out  eoft  glaas  tubing, 
should  be  v»T  thin-walled,  abont  10  cm.  Ions  and  1  mm.  in  internal 
diamet«r.    Tney  are  left  open  at  both  ends.    One  end  is  dipped  into  the 


Fio.  as. 


tiieltei]  substance,  until  enouch  haa  riaen  to  fill  about  1  centimetre  of  the 
tube,  which  is  then  laid  aside  in  a  cool  place  for  several  hours,  preferably 
over  night,  for  the  substance  to  solidify  and  regain  its  normal  meltinc-point. 
The  other  end  of  the  tube  is  then  held  for  a  moment  in  a  amall  Same 
and,  while  hot,  ia  pressed  against  a  amall  bar  of  wood  W,  fig.  67,  coated 
with  sealing-wax,  by  which  means  four  or  more  of  such  tubes  may  be 
supported  in  a  beaker  of  water  as  ahown  in  the  sketch.    The  beaker  is  placed 

rn  a  disc  of  asbestos  millboard  over  a  burner,  and  a  thermometer 
held  by  a  ciamp  or  suspended  by  a  cord,  is  placed  with  its  bulb 
close  to  the  filled  ends  of  the  capillary  tubes.  The  water  in  the  beaker 
is  then  slowly  warmed  up  and  continually  stirred  by  the  gtasa  stirrer 
S,  and  the  temperatures  at  which  the  aubstancea  melt  and  riae  up  the 
capillary  tubes  are  recorded.  The  mean  of  two  experiments  in  sepuste 
tubes,  which  should  doaely  agree,  ia  taken  sa  the  melting-point  oi  the 


PHrWCAI,   PROPKItTlKS   ANO   SXAMISATION   i 


■  LUBRiCAHrS.     203 


I  cnbKtaiice.  In  examiniiig  mixed  faily  acidii,  it  ie  frequently  nrttii«<l  that  a 
I  noTtion  will  liquvf;  and  ntn  uj>  tlie  tube,  Itaving  the  remoiudKi-  slill  eolkl 
I  behind.  Claaue  lonnd  that  thi-  nteking-poiDt  of  cacao-butter  determinc<l  in 
I  a  capillary  tuoe  varied  Bfcordin^  tu  the  diameter  of  the  tube, 

Beaaamuui'i  M«ttaod,>  which  is  preferable  to  the  above,  det«rmineB  two 
points,  viz.— the  temperature  vt  incipient  fusion  and  the  temperature  of 
conipleI«  fiuion.  A  piece  of  narrow  thin-waited  tubing  is  drown  out 
lo  a  capillary  point  and  sealed  at  the  small  end.  A  amBU  portion  of  the 
•ubsLance  is  then  melted  in  the  wider  portion  of  the  tube,  in  the  position 
Bhuwn  at  >1  a  (fig.  69),  and  is  allowotl  to  solidify.  Aft«r  a  sufBcieat  interval 
I  the  tube  is  attached,  hy  means  of  two  iuiall  indiarubber  rin^  cut  off  a 
1  pi«c«  of  tubing,  to  B  thermometer,  with  the  fat  close  to  the  bulb,  and  the 
I  thermometer  la  supported  vertically  in  a  beaker  of  water.     Tlie  water  is 


Flo.  68, 


FlQ.  89. 


alowly  warmvd  up,  with  continual  stirring,  until  some  of  the  fat  begins  to 
flow ;  the  temperature  observed  at  this  moment  is  the '  point  of  incipienl 
/luiW  When  the  snhistsnce  has  melted  to  a  perfectly  clear  and  transparent 
liijnid  aa  iihowii  at  6  (fig.  68),  the  temperature  is  again  read  off  and  is  the 
*  j-oini  of  atmf'Ulr  fanoa.' 

Badi't  HaUiML^llach  und  Hubl  have  published  a  number  of  melting-  and 
bjlidifjritig-puintsof  fatty  nciiln  which  were  ascerlained  in  the  following  way. 
Th«  antatintce  v/aa  brought  into  a  test-tube  about  T  mm.  in  diameter,  and 
wliilst  being  *tirrrd  guully  with  a  thermomrler,  the  temperature  was  noted 
M  wliirh  tnie  mom  became  quite  clear  ('  tn«tttn(i-pmnl '),  and  that  at  which 
uloudinesa  li^an  to  form  ('  tolidiftiing  point '). 

Ooek'B  lUtbod.'— This  in  n  rai.iliiifiiUon  of  T.  Bedwood'a  method,'  Two 
braki'r^aro  cuppnrted  one  within  the  iitlier,  the  minimum  space  I >et ween  them 
being  1  inch  at  the  sides  nnri  IJ  jncliot  at  the  bottom.  Alxint  I  inch  indentli 
ercury  ia  (ilnced  in  tile  inner  bifttker.  The  outer  beaker  wnlaijii!'  eillitr 
ror  meltal  inralBu  (according  tA  the  tempeiatnre  rvquirodX  the  surface 
'  Jimr.  Soe.  CAitn.  Ind.,  iv.  (ISBEi),  p.  ESS, 
•  Proe.  Ohtm.  See.,  xiii.  118971.  |i.  7*. 
'  Aimlytl,  i.  0877),  p.  SI. 
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of  which  must  he  at  leaat  3  inches  ahove  the  surface  of  the  mercury.  Minute 
fragments  of  the  suhrtanoe  whose  melUng-point  it  is  desired  to  determine 
are  placed  on  a  smiJl  piece  of  ferrotype-plate  (with  the  varnish  removedX  or 
on  a  microscope  cover-glasB^  and  floated  on  the  surface  of  the  mercury,  iu 
which  the  huib  of  a  thermometer  is  immersed.  The  beaker  is  covered  with 
a  card.  The  water  or  paraffin  in  the  outer  beaker  is  then  slowly  heated  u]> 
with  frequent  stirring,  until  the  substance  is  observed  to  melt ;  it  is  then 
allowed  to  cool,  wad  tne  solidify ing-point  may  be  read  off.  This  method  is 
said  to  give  closely  concordant  results. 

Tablb  LI. — Meltino-points  of  bomb  Fats,  Waxes,  etc. 


Name. 


MelUng-poinia. 


Fat8. 


Waxes. 


Japan  wax. 
Coconut  oil, 
Palm  nut  oil,     . 
Palm  oil,  . 
Cottonseed  stearin, 
Tallow  (mutton), 
„     (beef),    . 
Bone  mtf  . 
Lard. 
Horse  fat, . 


Wool  fat  (neutral), 
Spermaceti, 
Beeswax,  . 
Camauba  wax, . 


Hydrocarbons. 


Vaseline    .         .        .        . 

Paraffin  wax 

Cerasin  (refined  ozokerite), 


F. 


122-7-132-8 
68-0-  82-4 
73*4-  86-0 
80-6-108-6 
78-8-104 

111-2-123-8 

107-6-1 19-3 
69-8-  71-6 
96-8-1 18-4 

107-6-109-4 


87-8-108  6 
109-4-113 
142-7-168 
181-4-186-8 


104-122 

98-137 

141-8-1724 


•C. 


60-4- 

20  - 
23  - 
27  - 
26  - 
44 
42  - 

21  - 
36  - 
42  - 


66 

28 

30 

42-6 

40 

61 

48-5 

22 

48 

43 


31    - 

42-5 

43   - 

46 

61-6-  70 

83   - 

86 

40   - 

60 

36-7- 

68-3 

61    - 

78 

Dalican's  *  Titre  Test.' — lliis  test,  which  was  devised  by  Dalican  for  the 
valuation  of  tallow  by  determining  the  solidifying-point  of  the  mixed  fatty 
acids,  has  been  applied  by  Lewkowitsch  to  a  large  number  of  oils  and  fats. 
The  fatty  acids,  obtained  from  100  grms.  of  fat  by  the  method  described  on 
p.  237,  perfectly  dried  by  filtmtiou  through  paper  in  the  water-oven  and 
allowed  to  solidify  over  night,  are  re-meltea  at  as  low  a  temperature  as 
possible  and  introduced  into  a  stout- walled  test-tube,  measuring  7  inches 
long  by  1§  inches  diameter,  which  is  filled  rather  more  than  half-iuU.  The 
tube  is  supported,  by  means  of  a  cork  or  a  rubber  ring,  in  a  wide-mouthed 
bottle  of  colourless  glass  (see  fig.  69),  and  a  Centigrade  thermometer,  grad- 
uated, say  from  0°  to  TC,  in  fifths  of  a  degree,  is  suspended  with  its  bmb  in 
the  centre  of  the  fatty  acids.  As  soon  as  crystals  oegin  to  appear  at  the 
bottom  of  the  tube,  the  fatt}r  acids  are  stirred  by  giving  the  thermometer  a 
rotatory  movement,  first  thrice  to  the  right,  then  thnce  to  the  left^  and  ^en 
continuously  in  one  direction,  without  touching  the  sides  of  the  tube,  but 
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Table  LII. — Meltino-  and  Solidifying-points  of  some  mixed  Fatty  Acids. 


Melting-poinU  *C. 

SoUdifyi 

ng-points  *  C. 

Bensemann's 

Class. 

Mixed  Fatty  Acids  from 

Method. 

Other 
Methods. 

Various 
Methods. 

'Titre' Tests 
(Lewimoitteh). 

Point  of 

Point  of 



Incipient 
Fusion. 

Complete 
Fuuon. 

OUTeoll. 

28-24 

26-27 

/  24-27* 
\19-28-5t 

1  17-24-6 

17-16-26-4(12 
samples) 

Haxel  nut  oil, 

•  • 

•  • 

17-25 

9-20 

•  • 

Vegetable 

NoD-diying 

Oils  and 

FaU. 

Ben  oil, . 

•  • 

•  « 

•  • 

•  • 

87-2-87-8 

Aracbis  (earthnat)  oil, 
Castor  oil,      . 

81-82 

•  • 

84-85 

•  • 

27-83 
13 

22-31 
2-8 

29-2 

•  • 

Japan  wax.    . 
Coconut  oil.  . 

•  • 

«  • 

66-57 

6S-66-5 

69-4 

•  • 

•  ■ 

24-27 

167-20-4 

22-6  -26-2 

Palm  nut  oil. 

•  • 

•  • 

20-7-28-5 

•  • 

20*5  -25-5 

Palm  oil, 

■  • 

•  • 

41-60 

89-46-2 

36-9  -45-6 

Cottonseed  stearin, 

«  • 

•  • 

27-80 

21-28 

36-1 

Rape  oil, 

lS-19 

21-22 

16-21 

10-5-18-5 

12-2-13-6 

Rape  oU  (Stettin). 

•  • 

•  • 

•  • 

•  • 

18-6 1 

Bavison  oil,  . 

•  • 

«  • 

■  ■ 

•  • 

Below  0*t 

Mustard  oil,  . 

•  • 

•  « 

16-17 

15*5 

•  • 

Curcasoil,     . 

•  • 

•  • 

27-6 

«  • 

28-6 

Vegetable 
Semi-drying 

Cottonseed  oil, 

39-40 

42-48 

34-40 

80-6-86 

87-6 

Cottonseed  oil,     . 

•   m 

,  , 

•  « 

•  • 

32 -7-35-2  (part 

Oils. 

of  the  stearin 
removed) 

Sesam^  oil,    . 

2&-26 

29-30 

21-82 

18-5-28-6 

22-9  -23-8 

Beech  nut  oil. 

•  • 

•  • 

23-24 

17 

•  • 

Maiseoll,      .       .       . 

•  • 

•  • 

18-20 

14-16 

•  • 

Cameliue  oil. 

•  * 

•  • 

18-20 

13-14 

•  • 

Linseed  oil,   . 

below  13-24 

18-3-17-5 

19-4  -20-6 

Hempseed  oil, 

17-19 

14-16 

16-6 

Vegetable 
Drying  Oils. 

Poppyseed  oil. 

19-22 

15-4-17 

16-2 

Walnut  oil,    . 

16-20 

16 

,  ^ 

Nigerseed  oil, 

26-26*6 

•  • 

«  • 

Sunflower  oil. 

17-24 

17-18 

•  • 

Neatsfoot  oil. 

•  • 

•  ■ 

29-8-30-8 

«  • 

26-6 

AnimAl 

Tallow  (mutton),  . 

49-50 

5»-54 

46^9 

•  « 

41-5-48-3 

Of  la  and 

„       (beef), 

42-44 

45-47 

46 

•  • 

38-3  -46-3 

Fats. 

Bone  fat. 

•  • 

«  • 

30 

28 

•  • 

Horse  fat. 

•  • 

•  • 

37-6-89-6 

87-3-37-7 

88-7 

Lard,      .... 

43-44 

4e-47 

35-44 

82-5-39 

42-0 

Marine 

Animal 

Oils  and 

Fluid  Wax. 

Sperm  oil  (inc.  Arcticl 

Whale  oil,     . 

Seal  oil 

10 -3-13 -3 
14-185 
22-88 

8-6  -11-9 
28-9 
16-9 

Cod-liver  oil. 
Sardine  oil,   . 

•  • 

..    . 

13-9-24-8 
27-6-28-2 

Wax  (solid; 

Wool  fat. 

■  t 

■  « 

62-6  1 

•  • 

•  • 

*  203  samples  by  De  Negri  and  Fabris. 

t  All  observers ;  the  lower  number  obtained  with  (Talifomian  oils. 

t  Archbutt. 

1 27'  Jean. 
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of  whicb  must  be  atleaat  3  inches  above  tliemrfaceof  themercory.  HinaU 
fragmente  o(  Ibe  substance  whose  nieltuig-point  it  is  desired  to  (l«l£rmine 
ate  placed  on  a  small  pete  of  ferrolype-pkle  (with  the  vamisli  removci),  or 
□II  a  microscope  cover-glofs,  and  floated  on  the  Biirface  of  tlie  iiiercurjr,  iu 
which  the  bulb  of  a  thennonieter  is  immersed.  Tlie  beaker  is  cnvervd  wiUi 
a  card.  The  water  or  paraffin  in  the  outer  beaker  in  then  slowly  heated  iiji 
with  frequent  stirring,  until  the  substance  ia  observed  to  meh;  it  b  then 
allowed  to  cool,  and  tlie  sulidifying-point  may  be  read  off.  Tliis  method  it 
said  to  give  closely  concordant  results. 


TABIJi   L 

— Meltinq-poists  of  sou 

E  Pats,  Wasu 

,  ara 

Nuaa. 

"•'"™-~       1 

■r. 

•a 

Fat*, 

Japan  wai        . 
Coconut  oil,      . 
Palm  nut  oil,     , 

Palm  oil 

Cottoniteed  steariii,    . 
Tallow  (mutton),       .        . 

„     (beef),    . 
Bone  fat,  .         ,         .         . 

Lard 

Horse  fat,. 

12S7-132-8 

68'0-  62-1 
73-4-  66-0 
80-6-108-6 
78-S-104 
111-2-123-8 
107-6^1  lS-3 
69-8-  71-6 
96-8-118-4 
107-6-1O9-4 

SO-4-  56 

20-28 

23-30 

37    -  48-5 

26-40 

44        51 

42    -  485 

21-32 

36-48 

42-43 

Waxes. 

Wool  fat  (neutral),    . 

Spermaceti, 

Beeswax,  .... 

Camaubft  wax, . 

87-8-108  5 
109-4-113 

142-7-168 
181-4-186-8 

31    -  42-5 
43-46 
61-6-  70 
83-«6 

Hydrocarbons. 

Vaseline    .... 
Paraffin  wax 

Cerasin  (refined  ozi.kerite), 

104-122 
98-137 

141-8-172  4 

40-60 
36-7-  66-3 
fil    -  78 

Dalican'a'TitreTBBt.'— This  t«at,  which  was  devised  by  Dalicmt  for  the  I 
valuation  of  tallow  by  deienuining  the  solidifying-poinl  of  Ihe  mixed  fai^  I 
acids,  has  been  applied  by  Lewkowitech  to  a  large  number  of  oi)«  and  fal&fl 
The  fatty  ncida,  obtained  from  100  grins,  of  fat  by  the  method  described  or-* 
p.  237,  itetfectiv  dried  by  filtintion  throngh  paper  in  the  wateroven 
allowai  to  solidity  over  night,  are  re-melted  at  as  low  a  temperatui         _ 
possible  and  introduced  into  a  stout-walled  test-tulie,  measuring  7  inchn 
long  liy  Ig  inchei;  diameter,  which  is  tilled  rather  more  than  half-full.    The 
till*  is  supported,  by  means  of  a  cork  or  a  rubber  ring,  in  a  wide-moutlied 
bottle  of  colonrless  glas*  (sue  %■  0!)),  and  a  Cuntigraat?  thermometer,  end- 
uated,  say  from  I)"  to  70°,  in  fiftlis  of  a  degree,  is  suspended  with  it»  bulb  in 
the  centre  of  the  fatly  acids.     As  soon  as  cryslAls  begin  to  appear  at  the 
bottom  of  the  Inlie,  the  fatt^  acids  are  stirred  by  giving  the  thermometer  a 
rotatory  movement,  first  thrice  to  the  right,  then  thrice  to  the  left^And  then 
continuously  in  one  direction,  without  touching  the  sides  of  the  tnbe^  but 
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Table  LIT. — Meltikg-  and  Solidifyino-points  of  some  mixed  Fatty  Acids. 


Class. 

Vegetable 

NoD-drying 

Oils  and 

Fats. 

Mixed  Fatty  Acids  from 

Melting-pointe  *C. 

Solldifyi 

ng-potnte  *  C. 

Bensemann's 
Method. 

Other 
Methods. 

Various 
Methods. 

'Titre' Tests 
(LevOeotpitteh). 

Potaitof 

Incipient 

Fusion. 

Point  of 

Complete 

Fuuon. 

OUveoil,       .       . 

Hazel  nut  oil, 
Ben  oil, . 

Aracbis  (earthnut)  oil, 
Outoroil,     . 
Japan  wax.    . 
Coconut  oil.  . 
Palm  nut  oil, 
Palm  oil, 
Cottonseed  stearin, 

28-24 

•  • 

81^2 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

26-27 

•  • 

84^ 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

/  24-27* 
U9-28-6t 
17-26 

27^ 
18 

66-67 
24-27 
20-7-28-6 
41-60 
27-80 

1  17-24-6 
9-20 

22-31 
2-8 

63-66-6 
167-20-4 

89^*6-2 
21-28 

1715-26-4(12 
samples) 

87-2-87-8 
29-2 

69-4 
22-6  -26-2 
20*6  -26-6 
36-9 -46-6 

861 

Vegetable 

Semi-drying 

Oils. 

Rape  oil, 
Rape  oU  (Stettin). 
Ravison  oil,  . 
Mustard  oil,  . 
Curcasoil,     . 
Cottonseed  oil, 
Cottonseed  oil,     . 

Sesamdoil,    . 
Beech  nut  oil, 
Maize  oil,      . 
Cameliue  oil. 

18-19 

•  • 

•  • 
■  ■ 

89^ 

•  • 

26-20 

«  • 

•  « 

•  • 

21-22 

•  • 

•  • 

•  • 

42^ 

•  • 

29-30 

•  • 

•  • 

•  • 

16-21 

•  • 

16-17 
27-6 
34-40 

•  « 

21  32 
23-24 
18-2U 
18-20 

10-6-18-6 

•  • 

16-6 
80-6^ 

•  • 

18-6-28-6 

17 

14-16 

13-14 

12-2  -18-6 
18-6  t 
Below  0*t 

28-6 
87-6 
327-86-2  (part 
of  the  stearin 
removed) 
22-9  -23-8 

•  • 

•  • 

•  • 

Vegetable 
Drying  Oils. 

Animal 

Oils  and 

Fate. 

Linseed  oil,   . 
Hempeeed  oil, 
Poppy  seed  oil, 
Walnut  oil,   . 
Nigerseed  oil, 
Sunflower  oil. 

below  13-24 
17-19 
19-22 
16-20 
26-26-6 
17-24 

13-3-17-6 

14-16 
16-4-17 
16 

17-18 

19-4  -20-6 
16-6 
16-2 

•  • 

•  • 

•  • 

Neatsfoot  oil. 
Tallow  (mutton),  . 
„       (beef),       . 
Bone  fat. 
Horse  fat. 
Lard,      .... 

49^ 
42-44 

43^ 

6S^ 
46-47 

«  • 

40^7 

29'S-30'8 

46^9 

46 

30 
37-6-89-6 

36-44 

•  « 

•  • 

•  • 

28 
87-3-37-7 
82-6-39 

26-6 
41-6-48-8 
38-3  -46-3 

88*7 
42-0 

Marine 

Animal 

OUsand 

Fluid  Wax. 

Sperm  oil  (inc.  Arctic^ 
\Vhaleoil,     .       .       . 
Seal  oil,. 
Cod-liver  oil. 
Sardine  oil,   . 

10-8-13-3 
14-185 
22-88 

«  • 
•  • 

8-6  -11-9 

28-9 

16-9 

13-9-24-8 

27-6-28-2 

Wax  (solid; 

Wool  fat, 

■  • 

•  • 

62-6  1 

•  • 

•  • 

*  208  samples  by  De  Negri  and  Fabris. 

t  All  observers ;  the  lower  number  obtained  with  Califomian  oils. 

t  Archbutt. 

|2r  Jean. 
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teking  em  Uut  the  whole  maw  it  kept  unifonul;  mixed.  When  the 
Duxtare  becomes  tarbid  thronghoo^  the  mercu^  is  watched  closely.  At 
fint  it  will  bll  alowlj,  but  at  a  certain  point  it  will  rise  a  few  tenths  of  a 
degree,  mtnetiuwB  2  or  3  degree^  and  wilt  then  remain  stationary  for  a  short 
time  before  commencing  to  fall  again.  The  point  at  which  it  remains 
stationary  is  the  'titrt'  or  solidifying- point  of  tne  fatty  acids.  Freundlich 
«tate8(.4iuiJyit,190Q,p.  105)  that  the  temperature  to  which  the  thermometer 
finally  rises  is  partly  dependent  upon  that  to  which  it  was  made  to  fall 
during  the  stirring  of  tne  fat,  and  that  to  ensure  concordant  results  too 
proloi^ed  stirring  most  be  avoided  in  making  this  test. 


G.— SKFRACTIVB  INDEX. 

In  the  analysis  of  lubricating  oils,  the  refractometer  will  be  found 
a  useful  though  not  an  indispeoBable  instrument.  The  kind  of  instru- 
ment employed  may  be  one  such  as  Abbe's,  by  which  the  iodes  of 
rafiactioa  of  the  oil  is  measured,  or  a  diSerential  refractometer,  such 
as  that  of  Traunin  or  Amagat  and  Jean,  in  which  the  deviation  of 
the  ray  is  measured  on  an  arbitrary  scale. 

The  following  table  oootaina  the  refractive  indices  for  the  D  line  of 
some  oils  as  determined  by  Abbe,  Strohmer,  Holde  and  others  with 
Abbe's  refractometer : — 

Tablk  LIII.— Rkfractivk  Indices. 


■tlfi'C. 

■t«rc. 

Neatafoot  oil, 
Olive  oil. 
Sperm  oil,      . 
Bape  oil,        . 
Cottonseed  oil, 
SesamSoU,     . 
Mustard  oil,  . 
Poppy  oil,      . 
Castor  oil,      . 
Walnut  oil,    . 
Cod-liver  oil. 
Whale  oil,      . 
Linseed  oU,    . 

Mineral  lubricating 
Bosin  oil,       . 

oil. 

1-467  -1-471 
1-4670-1-4717 

1-4720^1-4767 
1-4743-14762 
1-4748-1 -476! 

!     1-4751-1-4760 

1     1-478 

1-4796-1-4803 
1-4804 
1-4800-1  4862 

1-4836  " 

1-490-^1-600 
1-630  -1-650 

1-4690 

1-470 

1-472-1-476 

1-4748 

i-m 

1-491 
1-4800 
1-483 
1-4780 
1-6000 

The  instrument  generally  employed  for  commercial  purposes  is  the  OUo- 

■--  -' 'T  of  Amagat  and  Jean,  the  essential  parts  of  which  are  shown 

1  fig.  70  (p.  208).     T.  ™.-.t8  of  a  collimator  and  a  telMOOpe 
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Table  LIY. — Tests  of  Oils  with  Amagat  and  Jean's 

Oleo-Befractometer. 


Class. 


y^table  Non- 
drying  Oils. 


Vegetable  Semi- 
drying  Oils. 


Ve^table 
Drying  Oils. 


Animal  Oils 
and  Fats. 


Marine 
Animal  Oila 


MiscellaneouB. 


Name  of  Oil,  etc. 


Olive  oil, . 

Arachis  (earthnut)  oil, 

Castor  oil 


Rape  oil, . 
RaviBon  oil. 
Cottonseed  oil, 
Sesam^  oil. 
Beechnut  oi], 
Cameline  oil. 


Linseed  oil, 
Hempseed  oil, 
Poppyseed  oil. 
Walnut  oil, 
Nigerseed  oil, 
Sunflower  oU, 


Neatsfoot  oil,    . 
Sheep's  foot  oil, 
Lard  oil,  . 
Tallow  oil. 
Tallow,    . 
Lard, 


Sperm  oil  (inc. 
Whale  oil, 
Seal  oil,    . 
Cod-liver  oil,   . 
Shark  liver  oil, 
Sardine  oil. 


Arctic), 


Bosin  oil. 


Refractometer. 
Degrees  at  22*  C. 


±0to  +3-6 
+  3-6  to  +  7 
+39  to  +46 


+  16  to  +20 
+  18  to  +25 
+  17  to  +23 
+  13  to  +18 
+  16*6  and  +18 
+32 


+48  to  +64 
+  32  to  +37-5 
+  23-6  to  +36 
+  35  to  +36 
+  26  to  +30 
+36 


-1  to  -4 

±0 

±0to  +6*6 

-  Ito-  5(-16?) 
-15to-18(--40?) 

-  8to-14 


-  13  to  -  17-6 
+  30-5  to  +48 
(  +  8?)  +  30to  +36 
+38  to  +63 
+  29  to  +35 
+60  to  +63* 


+  78 


At  45*  C. 


ft    — 


»■        .•  •;  •■ 


•■  1 

•I. I 

.     ■> 


•••I  ■ 


t  V.  }...    I 


^CML(UB.  XSi'^  AyyhAkAJ%(:K 
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the  refined  mineral  oils  are  transparent ;  the  unrefined  natural  and 
reduced  mineral  oils  are  mostly  opaque.     Some  exhibit  fluorescence. 

As  the  colour  and  appearance  of  oils  depend  upon  the  conditions 
imder  which  they  are  viewed,  this  physical  character,  when  of  import- 
ance, must  be  observed  under  definite  conditions.  Redwood  uses 
for  the  purpose  Lovibond's  tintometer,  observing  the  colour  of  the 
oil  in  a  2-inch  cell.^     For  the  darker  oils,  a  ^J-inch  cell  is  convenient. 

»  Jour,  Soe.  Chem,  Ind.,  ix.  (1890),  p.  14. 
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CHAPTER  VII. 


A.— FBEE  AOm  OB  ACIDITT. 

I.  Hature  and  Amount  of  the  Free  Add  in  Ofle.— Free  acid  in  an 

oil  or  fat  may  consist  of 

(\)  Freefaity  acid,  ciaturally  existing  in  small  quantity  in  most 
vegetable  oila,  or  set  free  in  larger  quantity  by  tlie  decom- 
position of  a  vegetable  or  animal  oil  during  storage  in  a 
crude  state,  or  by  the  action  of  sulphuric  acid  in  the 
refining  process ; 

(2)  Rosin  aci-li,  present  as  a  natural  constituent  of  rosin  oil,  or  as 

added  roain ; 

(3)  Organic  (jietroleum)  aeide,  naturally  existing  in  crude  mineral 

oil; 

(4)  Free  sulphuric  or  other  mineral  acid  used  in  refinmg  the  oil 

and  not  properly  washed  out. 

Free  acid  of  any  kind  is  objectionable  in  a  lubricant  for  metallic 
surfaces,  owing  to  its  corrosive  action.  Free  fatty  acids  have  the 
additional  disadvantage  that  the  soaps  formed  by  their  action  ou 
metals  dissolve  in  the  oil  and  cause  it  to  thicken  and  gum. 

Mineral  luhricatimj  oih  in  the  dark  unrefined  state  contain  small 
quantities  of  weak  organic  acids  varying,  according  to  Halde,'  from 
0-2  to  2*0  per  cent.,  calculated  as  oleic  acid  ;  but  the  pale  oils,  when 
well  refined,  are  almost  perfectly  neutral.  Owing  to  their  constitution, 
mineral  oils  are  not  capable,  like  animal  and  vegetable  oils,  of 
developing  acidity  by  decomposition,  though  some  oF  the  contained 
hydrocarbons  can  undergo  oxidation  with  formation  of  resinous  and 
asphaltic  products.  ,  Acidity  of  refined  mineral  oils  is  most  likely  to 
be  due  to  the  accidental  presence  of  sulphuric  acid,  which  is  used  in 
refining,  but  such  an  impurity  is  now  rarely  met  with  and  would  show 
great  carelessneaa  in  washing  the  oil. 

All  vegetable  and  animal  oiU,  on  the  other  hand,  contain  free  fatty 
'  I>i*  UiUtrtuchitng  lUr  SchmiermiUel. 
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acids  in  proportions  varying  from  less  than  0*5  per  cent,  to  upwards 
of  50  per  cent.  The  least  acid  oils  are  those  reined  with  alkali,  such 
as  '  animal  oil '  and  cottonseed  oil ;  the  acidity  of  these  oils  varies, 
according  to  the  authors'  experience,  from  0*08  to  0*26  per  cent,  i.e. 
it  is  practically  negligible.  More  acidity  is  met  with  in  those  oils 
which  are  refined  with  sulphuric  acid,  such  as  rape  oil,  which  contains 
on  an  average  about  2*2  per  cent,  of  free  (oleic)  acid,  varying  from 
1  per  cent,  to  about  6  per  cent.,  but  seldom  exceeding  5  per  cent. 
378  samples  of  refined  rape  oil  tested  by  Archbutt  during  three 
years  ending  31st  March  1905,  all  representmg  large  contracts,  gave 
the  following  results : — 


Number  of  Samples. 

Free  (Oleic)  Acid,  per  cent. 

122 

•                  •                  • 

1*1-1*9 

223 

•                  •                  • 

2*0-2*9 

30 

•                  •                  • 

3*0-3-9 

3 

•                  •                  • 

{Average), 

40-5*7 

378 

2*21    per  cent. 

Traces  of  free  sulphuric  acid  are  met  with  in  rape  oil  which  has 
been  refined  with  this  acid  (see  p.  313). 

Those  oils  which  are  stored  in  a  crude  state, 'and  are  not  afterwards 
chemically  refined,  often  contain  such  large  amounts  of  free  fatty 
acids  as  to  quite  unfit  them  for  use  as  lubricants. 

Thus,  in  9  samples  oi  palm  oil,  Archbutt  found  from  11*9  to  78*9 
per  cent,  of  free  (palmitic)  acid.^  Lewkowitsch  states  that  he  has 
found  from  50  to  70  per  cent,  of  free  (palmitic)  acid  in  a  large  number 
of  commercial  palm  oils. 

In  151  samples  of  olive  oil  from  various  sources,  Archbutt  found 
the  following  percentages  of  free  (oleic)  acid  ^ : — 

Table  LV. 


Number 

of 
Samples. 

Source. 

Free  (Oleic)  Acid  per 

cent 

Highest.' 

Lowest. 

Average. 

5-5 
8*6 
91 
9*5 
10*4 
6*7 

70 
36 
28 
12 
3 
2 

Spain,        .... 
Italy,         .... 
Sicily,        .... 
Canaia,      .... 
Levant,      .... 
Zante,        .... 

251 
25*2 
16*6 
16-8 
13*5 
8-7 

1*5 
0-9 
0-5 
5-5 
8-5 
4-8 

^  Analyst,  ix.  (1884),  p.  171. 

'  J<mr.  Soc,  Cheni.  Ind„  viii.  (1889),  p.  685. 
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136  samples  of  olive  oil,  supplied  under  contract  to  a  specification 
limiting  the  free  (oleic)  acid  to  a  maximum  of  4'0  per  cent.,  contained 
a  minimum  of  0*6  per  cent.,  a  maximum  of  7*4  per  cent.,  and  an 
average  of  2*85  per  cent,  of  free  (oleic)  acid. 

Other  observers  have  found  from  TO  to  27*2  per  cent,  of  free  (oleic) 
acid  in  olive  oils. 

In  25  samples  of  icUlow  examined  by  Deering  ^  the  following  per- 
centages of  free  (oleic)  acid  were  found : — 

Tablb  LVI. 


Xamber 

Free  (Oleic)  Acid  per  cent. 

of 
Samples. 

Source. 

Higlieit. 

Lowest 
2-20 

ATcnge. 

13 

Russian,     .... 

12-20 

5-48 

4 

Australian  beef, 

8-85 

1-75 

4-47 

4 
2 

„         mutton,    . 
Town  tallow, 

7*15 
695 

0-85 
4-55 

3-91 
575 

1 

1 

Unknown,. 

Town  tallow,  six  veArs  old. 

210 
250 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

Eighty-eight  samples  of  tallow  examined  by  Archbutt  gave  the 
following  results : — 

Table  LVII. 


Number 

of 
Samples. 


55 

9 

11 

12 

1 


Source. 


Home  melted, 
Australian  mutton,     . 
South  American  beef, 
Unknown, . 


»> 


Free  (Oleic)  Acid  per  cent. 


Highest. 


11-90 
12-84 
7-60 
10-60 
83-60 


Lowest. 


1-40 
1-00 
0-70 
1-30 


Average. 


4-89 
4-84 
207 
4-65 


227  samples  of  tallow,  supplied  to  a  specification  limiting  the  free 
(oleic)  acid  to  4*0  per  cent.,  contained  a  minimum  of  0*5  per  cent., 
a  maximum  of  26*2  per  cent.,  and  an  average  of  2*86  per  cent.,  of 
free  (oleic)  acid. 

In  23  samples  of  Indian  castor  oil  examined  by  Deering  and 
Kedwood,2  the  acidity,  calculated  as  oleic  acid,  ranged  from  070  to 
5-30  per  cent.,  and  averaged  2*58  per  cent. ;  6  samples  of  castor  oil 

^  Jour.  Soc.  Chem   Ind.Au.  (1884),  p.  640. 
»/Wrf.,  xui.(1894),  p.  961. 
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for  lubricating,  exauiDed  hy  AruhbuU,  coutainiKl  from  1'47  to  270 
per  cent.  ;  and  Thomson  iind  Ballnntyue  found,  in  two  samples,  I  '46 
nnd  2'16  per  cent.,  respectively.  But  Nordlingor  found '  in  9 
B&mples  of  expressed  castor  oil  from  0"62  to  18-61  por  cent,  of  free 
acid,  or  an  average  of  9"28  per  cent. ;  whilst  iu  5  siimples  of 
extracted  oil  lie  found  fnim  I  -IH  to  b-5'2  per  cent.,  or  an  average  of 
2'78  per  cent. 

In  8  sample  of  uperm  (41,  seven  examined  by  Deering  and  one  by 
Tbomsou  and  Ballautyne,  the  acidity  as  oleic  acid  ranged  from 
0'55  to  2-64  per  cent.,  and  averaged  1  7  per  cent,  ;  in  two  samples 
of  Arctic  qierm  oil  it  was  1'9T  and  ^^ll  per  cent,  respectively, 
averaging  2'04  per  cent.  Fourteen  samples  of  Soailtem  sperm  ail, 
examined  by  Veitch  Wilson,^  contained  from  0'5  to  2-0  per  cent,  of 
swidity,  averaging  1'32  per  cent.;  and  29  samples  of  Arctic  sperm 
oil  contained  from  0'5  to  3-0  per  cent,  of  acidity,  averaging  1-78  per 
cent.  Therefore,  Arctic  sperm  oil  is  a  little,  but  not  much,  more  acid 
tbati  Southeru  sperm  oil. 

Acidity  is  not  the  same  as  rartmtlHy.  Ballautyne  ^  has  ebowu  that 
oils  can  become  rancid  without  the  liberation  of  any  free  acid  what- 
CTor,  ftod  the  converse  is  also  true.  The  researches  of  Kitsert  and 
others  have  proved  that  the  changes  which  produce  rancidity  of  oils 
are  due  to  oxidation.* 

Tlic  acidity  of  most  fatty  oils  tends  tu  increase  by  keeping,  but 
rejimvi  oils  con  be  kept  for  considerable  periods  without  midergoing 
any  change  of  practical  importance.  Thus,  Ballautyne  "  found  thai 
olive,  rape,  castor,  and  arachis  (ground  nut)  oils  remained  unchanged 
iu  acidity  for  sii  nmntlis,  whether  kept  in  the  dark  in  corked  bottles 
or  exposed  freely  to  sunlight  and  air ;  and  some  neutral  palm  oil 
prepured  by  one  of  the  authors,  after  being  kept  in  a  stoppered 
bottle  in  a  dark  cnpboard  for  fourteen  years,  was  found  to  contain  ooly 
O'l  per  cent,  of  acidity,  calculated  as  palmitic  acid,  all  of  which  may 
have  been  origiually  present,  as  the  acidity  was  not  determined  after 
the  oil  had  been  purified. 

!I.  Effects  of  Free  Fatty  Acids  in  LubricaotB. — Biirstyn,''  who 
wnfi  oiie  uf  the  first  to  pay  attention  to  the  corrosive  effects  of  fatty 
oils  upon  axles  and  bearings,  shuwcd,  in  1876,  that  the  action  of  oUve 
oil  oD  limss  Koa  greater  the  more  acid  the  oil.  It  is,  therefore,  to  be 
regretted  that  Itedwood^  and  others  who  have  been  at  much  pains  in 
iurcMtigating  the  relative  action  of  various  fatty  oils  upon  metals  did 
■lot  det«ruiiue  the  amount  of  free  acid  contained  in  tlie  oils  thoy 
experimented  with.  This  omission  makes  their  experiments  almost 
vklueleas,  an  the  diH'erent  etfccts  observed  may  have  been  entirely 

'  &ii*.  Anal.  Chem.,  xiviii.  133. 

'  Cikriicnter  »mi  I*«8k,  Soap,  Candlii,  l.uhrioinlt,  arul  Oli/ctTin,  Ji.  aflS. 

'Jntr.  Sk.  Chm.  I«,i.,  x.  (1891).  |i.  -Jtf. 

'  fork  full  tlUcuMlon  uf  ill"  subJM^I  aan    Lnwkowltsch,  Analgtit  of  OiU,  tic, 

*  DtagUr'i  Polut.  Journal.  oeXTil,  ii.  SU.  ^^^ 

*  L  J.  BHlwoud,  Jtmr.  Soe.  Chrm.  lnd„  v.  [18S0),  )!,  SiiZ,  ^^H 
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due  to  differeDces  in  the  aciditT  of  the  Tarious  oils,  and  not  to  any 
difference  in  the  properties  of  the  oils  themselves. 

Not  only  is  it  probable  that  neutral  fatty  oils  have  no  chemical 
action  on  metals,  but  it  is  doubtful  whether  even  free  fatty  acid  can 
exert  much  action  in  the  absence  of  air  and  moisture.  Thus  Fox  ^ 
suspended  thin  strips  of  lead  in  the  mixed  fatty  acids  prepared  from 
olive  and  linseed  oils,  and  found  that  after  having  been  heated  for 
several  days  to  220"  F.  the  lead  had  not  lost  weight.  K  Donath  ' 
took  bright,  accurately  weighed  strips  of  iron,  copper,  brass,  and  zinc, 
and  completely  immersed  some  in  strongly  acid  olive  oil  and  others 
in  crude  oleic  acid.  At  the  end  of  three  weeks  the  strips  were  found 
to  have  suffered  very  little  loss  of  brightness  and  a  scarcely  perceptible 
loss  of  weight.  Even  when  the  oils  were  kept  heated  to  70*-80*  C. 
(IdS^^-nG"  F.)  for  several  days,  the  metals  were  not  attacked.  But 
if,  previous  to  immersing  the  metals  in  the  acid  oils,  the  latter  were 
thoroughly  emulsified  with  air,  or  especially  with  water,  by  vigorous 
shaking,  corrosion  readily  took  place.  Donath  concluded  from  these 
experiments  that  the  corrosive  action  on  metals  of  lubricating  oils 
containing  free  fatty  acids  depends  to  a  great  extent  upon  whether 
the  oiled  surfaces  come  into  contact  with  atmospheric  oxygen,  and 
whether,  by  condensation  or  other  means,  water  gets  into  the  oiL  It 
is  difficult  to  account  in  any  other  way  for  the  very  erratic  manner 
in  which  corrosion  sometimes  takes  place,  such  as  is  illustrated  by  the 
following  experiment  made  by  one  of  the  authors  several  years  ago. 

Four  samples  of  railway  wagon  grease,  each  composed,  in  the  same 
proportions,  of  tallow,  palm  oil,  soap,  and  water,  but  containing  respec- 
tively 0*4,  1*4,  1*6,  and  4*0  per  cent,  of  free  fatty  acid,  were  taken, 
also  a  sample  of  very  acid  palm  oil,  free  from  water,  containing  72*2 
per  cent,  of  free  (palmitic)  acid.  Into  each  of  these  five  specimens  of 
grease,  etc.,  two  strips  of  bright  steel  were  inserted,  and  after  an 
interval  of  four  months  they  were  taken  out,  cleaned  and  examined, 
with  the  following  results  :  — 


l<Yce  FaUy 

Htripi  iiumened  in 

Acid 

per  cent. 

Orea«e  No.  1,     . 

0-4 

(Ireaae  No.  2,     . 

1-4 

(JrwiHe  No.  3,     . 

1-6 

QrcaHc  No.  4,    . 

4-0 

Acid  palm  oil,  . 

72-2 

Condition  of  the  Steel  after  Four  Months'  immenion. 


Both  strips  bright. 

»»  »> 

1  strip  bright^  1  deeply  corroded  in  one  spot' 

Both  strips  deeply  corroded  on  one  side.         i 

Both  strips  merely  stained  and  not  corroded. ' 


If  fatty  acids  alone  can  attack  steel,  the  two  strips  immersed  in 
the  very  acid  palm  oil  should  have  been  the  most  corroded,  instead 

»  Analyst,  viii.  (1883),  p.  116. 

'  Diiigier'a  Polyt,   Joiimalt  ccxciv.   p.    186 ;    Jour.   Soc,  Chtm,    Ind,,    xiv, 
(1895),  p.  288. 
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of  which  they  were  merely  stained,  whilst  the  strips  immersed  in  the 
grease  containing  only  4  per  cent,  of  free  fatty  acid  were  both  deeply 
corroded,  doubtless  because  of  the  simultaneous  presence  of  water. 
It  will  be  observed  that  the  most  acid  grease  proved  to  be  the  most 
corrosive  of  the  four. 

Oleic  acidy  water,  and  iron  filings,  if  heated  together  in  a  test-tube, 
react  briskly,  hydrogen  being  evolved  and  brown  oleate  of  iron 
formed.  This  compound  is  decomposed,  by  oxidation,  into  ferric 
oxide  and  free  oleic  acid,  which  again  attacks  more  iron;  in 
this  way  a  comparatively  small  quantity  of  the  free  fatty  acid  has 
been  known  to  perforate  wrought-iron  plate  more  than  J  inch  in 
thickness.^ 

Although  a  metal  in  stationary  contact  with  a  cold  solid  grease 
containing  free  fatty  acid  and  water  may  undergo  serious  local  pitting, 
as  proved  by  the  above  experiments,  the  corrosive  action  upon  a  brass 
or  journal  of  the  free  fatty  acid  existing  in  a  fluid  oil,  or  in  a  grease 
lubricating  a  journal  in  motion,  may  escape  notice,  because  it  is  spread 
over  the  whole  of  the  rubbing  surfaces.  But  the  effect  of  chemical 
action  will  be  observable  in  the  thickening  of  the  oil  and  in  the 
formation  of  gummy  deposits.  Thus,  a  mixture  of  olive  oil  with 
from  10  to  15  per  cent,  of  mineral  oil,  which  had  been  taken  out  of  a 
railway  carriage  axle-box  after  about  three  weeks'  use,  was  found  to 
be  much  thickened,  of  a  deep  green  colour,  and  contained  in  solution 
much  copper  and  zinc.  Some  of  the  oil  was  dissolved  in  ether  and 
shaken  with  dilute  nitric  acid  to  extract  the  dissolved  metals ;  the 
ether  was  then  evaporated,  and  the  oil  was  recovered  with  its 
original  colour  and  almost  its  original  fluidity  restored.  From  this  it 
is  evident  that  the  thickening  and  gimiming  of  fatty  oils  on  bearings, 
generally  attributed  solely  to  oxidation,  may  be  due  partly  to  soaps 
formed  by  the  chemical  action  of  the  free  fatty  acids  upon  the  metal 
of  the  bearing,  dissolving  in  and  thickening  the  oil.  In  the  oil  used 
by  woolcombers  for  oiling  wool,  the  amount  of  free  fatty  acid  is  of 
secondary  importance  compared  with  freedom  from  a  tendency  to 
oxidize  and  form  a  sticky  residue  on  the  wool  fibre.^ 

III.  Determination  of  Acidity. — The  acidity  of  lubricating  oil, 
which,  as  already  stated,  may  be  due  to  the  presence  of  more  than 
one  description  of  free  fatty  or  resin  acid,  or  (rarely)  to  a  mineral 
acid,  is  generally  determined  volumetrically  and  expressed  either  as 
oleic  acid  or  as  sulphuric  acid  or  sulphuric  anhydride.  In  this  country 
it  is  usual  to  express  the  acidity  of  a  fixed  oil  or  fat  in  terms  of  oleic 
acid ;  on  the  Continent  the  acidity  is  frequently  stated  as  sulphuric 
anhydride.  Another  method  of  expression,  adopted  by  Benedikt,  is 
known  as  the  *  acid  valtie,'  which  is  the  number  of  milligrammes  of 
potash  (KOH)  required  to  neutralize  the  free  add  in  1  grm,  of  oil, 
Koettstorfer  has  proposed  to  express  the  acidity  in  *  degrees^^  which 

'  V.  Wartha,  Dingier' s  Polyt.  Journal ^  ccxv.  p.   116  ;  Stock,  Chem,  News^ 
xxxix.  (1879),  p.  6. 
'  Richardson  and  Jaff6,  Jour,  Soc.  Chem.  Ind.f  1905,  534. 
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of  e^  of  normal  aikali  tvqaired  to  nemlralix  tie 
^mtf  1^  100  grm*.  of  oiL  KoeUBtorief's  d^rees  bare  the  ftdnntage 
to  «  dianist  t^  Otej  are  at  aoee  ooo<r«rt«d  into  anv  required  acid, 
if  umhiplitd  hj  tbe  AponificatMn  eqoiralent  of  that  acid  ^  1000. 
TIm  Hhfimi  vi  the  dibmit  methods  of  expreasiao  b  sbown  to  the 
table  brBeBtdikt  — 


I-78S 
»546 


0t>40 
0^713 
0-1418 


For  the  determinatioo  of  total  acidity,  5-10  grms.  of  tlie  oil  may 
be  completely  dissolved  in  a  oeutralJEed  mixture  of  ether  (4  parts]  and 
absolute  alcohol  (1  part)  and  titrated  with  an  alcoholic  deciDomal 
Bolation  of  csustic  soda,  ustng  pheaolphthalein  as  indicator  ;  or  the  oil 
ma;  be  merely  shakeo  up  in  a  fltt&k  with  ueutmlized  methylated  spirit 
(which  diBsolves  the  free  acid,  leaving  most  of  the  neutral  oil  insoluble) 
and  titrated  with  aqueous  caustic  aoda  solution.  The  latter  method 
is  simpler,  and  is  sufficiently  accurate  ;  it  is,  therefore,  preferable  for 
teoboical  purposes.     The  solutions  required  are  : — 

Xormat  (aqueout)  cautlic  toda  loiultun.  1  c,c.  =  0'282  grm.  oleic  acid. 
A  clear  aijiieons  solution  conlaintng  50  grmc.  of  caustic  Eoda  in 
100  C.C.  (see  p.  23S)  io  dilated  with  di^iUed  water  free  from  CO^ 
until  of  correct  etrength,  phenolphthalein  being  usel  as  '  "  " 
in  titrating. 

I'htnolphtluiUin  tolutioii.  An  alcoholic  'wlution,  containing  3  grms. 
pheuolphlhalein  in  100  cc,  neutralized  by  shaking  with  dry  pre- 
cipitated calcium  carbonate  and  filtering. 

NetilTolised  mAhijlated  *}nrit  ;  prepared  by  filling  a  aloppered  bottle  of 
about  COO  c.c  capacity  with  ordinary  methylated  spirit,  adding  10 
c.c.  of  phenol plithalein  solution,  and  dropping  in  normal  caunlio 
soda  solution  fR)m  a  burette  until  the  liquid  ossnmes  a  faint  permanent 
pink  colour. 

To  dsteimlse  the  acidity  of  a  fluid  oil  in  tcrnia  of  oleic  acid,  weigh  S8'S 
grnu.  of  tbe  oil  into  on  Erlcnujeyer  fluak  of  about  250  c.c.  capacity^add 
60  cc  of  neulTalized  alcohol  and  2  c.c  of  pheuolplithaleia  solution.  "  Then 
add  normal  caustic  soda  M>lulioa  from  a  burette,  cautiously  at  fint,  but 
afterwards  in  quantities  of  0-6  to  I'O  c.c,  or  more  at  a  llnie  it  the  crimaon 
colour  at  first  formed  disappears  quickly  on  shaking.  When  tbe  colour 
be^^ns  to  disappear  slowly,  cork  tlie  fl ask  and  shake  it  violently,  then  add 
the  soda  in  smaller  quantities,  finally  drop  by  drop,  vigorously  shaking  tbe, 
corked  flask  after, the  addition  of  each  drop,  until  the  alcoholic  liqud  id 
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permanently  coloured  a  faint  pink.  The  number  of  c.c.  of  normal  caustic 
soda  solution  used  is  the  percentage  of  free  acid,  expressed  as  oleic  acid,  in 
the  sample.  If  the  quantity  of  oil  available  is  small,  2*82  grms.  may  be 
titrated  with  dednormal  soda,  which  will  give  the  same  result 

A  solid  fat^  such  as  tallow,  may  be  titrated  in  the  same  way  as  a 
fluid  oil,  if  the  contents  of  the  flask  be  kept  sufficiently  heated  to  maintain 
the  fat  in  a  melted  condition.  In  weighing  out  the  fat,  some  of  it  is  first 
melted  in  a  beaker  and  poured,  while  melted,  into  the  counterpoised  flask 
\mtil  the  weight  is  nearly  made  up.  The  flask  is  then  removed  from  the 
balance  and  allowed  to  become  quite  cold.  It  is  then  replaced,  and  the 
exact  weight  is  made  up  by  adding  a  little  more  fat.  In  titrating  palm  oil, 
which  is  sometimes  deep  red  in  colour,  the  half  or  quarter  of  28*2  grms. 
may  be  taken  and  mixed  with  100  c.c.  of  alcohol  instead  of  60  c.c. ;  the 
colour  change  can  then  be  sharply  detected,  even  with  very  red  samples, 
llie  volume  in  c.c.  is  multiplied  Dy  2  or  4,  as  the  case  may  be,  to  get  the 
percentage  of  acid. 

Very  dark  coloured  oiUj  in  which  the  colour  change  cannot  be  detected 
by  the  above  method,  should  be  very  well  shaken  with  two  or  three 
times  their  volume  of  neutralized  alcohol,  then  poured  into  a  separating 
funnel  and  left  for  the  liquids  to  separate.  The  oil  is  drawn  off  into  the 
original  flask  and  shaken  again  with  an  equal  volume  of  alcohol,  whilst  the 
alcoholic  solution  in  the  separator  is  drawn  off  into  a  clean  flask.  The 
mixture  of  alcohol  aud  oil  is  again  poured  into  the  funnel  and  allowed 
to  separate,  the  oil  is  then  draun  off  and  shaken  a  third  time  with 
alcohol.  The  second  and  third  alcoholic  extracts  having  been  mixed  with 
the  first,  phenolphthalein  is  added  and  the  liquid  is  titrated  with  caustic 
soda. 

Free  mineral  acid  must  be  tested  for  separately,  as  the  above  methods 
make  no  distinction  between  fatty  and  mineral  acid.  To  detect  the  presence 
of  mineral  acid,  take  a  known  quantity,  say  25  c.c,  or  about  tne  same 
number  of  grammes  of  the  oil,  and  well  shake  it  in  a  separating  funnel  with 
200  c.c.  of  not  water.  When  the  water  has  quite  separated  from  the  oil 
draw  it  off  through  a  wet  filter  paper  into  a  flask,  and  add  to  the  cold  liquid 
a  few  drops  of  methyl-orange  indicator,  which  is  unaffected  by  fatty  acids, 
but  in  the  presence  of  free  mineral  acia  will  tinge  the  liquid  red.  If  free 
mineral  acid  be  detected,  the  oil  mav  be  again  shaken  several  times  with 
small  quantities  of  hot  water,  until  all  the  acid  has  been  washed  out,  and 
the  mixed  aqueous  liquids  may  then  be  neutralized  by  adding  normal  caustic 
soda  solution  until  the  red  colour  just  changes  to  yellow.  I  c.c.  of  normal 
caustic  soda  is  equivalent  to  0049  grm.  of  sulphuric  acid,  or  0*040  grm.  of 
sulphuric  anhydride,  in  the  quantity  of  oil  taken.  The  neutralized  solution 
may  be  boiled  down  to  a  small  volume  and  portions  tested  with  appropriate 
reagents  in  order  to  determine  the  nature  of  the  acid  present.  (See  also 
p.  313.) 

Oils  containing  sulphonated  fatty  acids  must  be  well  boiled  with  water 
by  blowing  steam  through  the  mixture,  in  order  to  decompose  the  compound 
acid,  thus: — 

•ulpho-fltearfc  acid.  hydroxy-Btearic  acid,    sulphuric  acid. 

To  determine  the  sulphuric  acid,  the  aqueous  liquid,  after  separation  from 
the  greater  part  of  the  oil,  is  evaporat^  down  to  about  70  c.c,  filtered 
bright  and  titrated,  cold,  with  standtard  soda  solution,  using  methyl  orange 
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as  indicator.    The  liquid  may  aftenvanU  be  acidified,  precipitated  wilh  ' 
barium  chloride,  and  the  barium  sulphate  weighed,  if  desired. 

Onvliiwtiia  dBtannlnation  of  fne  fftUy  and  r«iin  acida.— The  free  faltj  | 
mid  resin  acids  existing  iu  an  oil  or  fat  may  be  separated  and  weigh&J  ii 
the  following  manner : — 

5  grms.  of  the  sample  are  dissolved  in  ether  ami  rinsed  into  a  separaiing  I 
tunnel,  into  which  a  few  drops  of  water  liave  been  placed  to  «eal  the  tap,   I 
The  ethereal  solution  is  shaken  repeatedly  with  gmall  quautitiex  (10-20  cc. 
nta  time)  of  a  dilute  solution  ot  caustic  soda  (containing  20  c.c.of  a  in  per 
<«nt,  solution  of  NaOH  and  10  cc.  of  rectified  alcohol  made  up  with  water  to 
100  cc)  until  all  fatt^  acids  are  extracted  (10  cc,  of  the  dilute  ?oda  solution, 
which  is  roughly  seminormal,  will  dissolve  1*4  gnn.  oleic  acid).    The  niiied 
af|ueou8  eitracte  are  first  ahnlcon  with  a  little  ether  to  remove  traces  of  oil, 
then  decomposed   with   dilute  sulphuric  acid,  and  shaken  with  ether  h>   I 
dissolve  the  liberated  fatty  and  resin  acids.    After  washing  the  ethereal  J 
ftolntion,  it  is  distilled  in  a  tared  flask,  and  the  residue  is  heated  on  the  f 
water-oven  until  constant  in  weight.     Resin  acids  may  then  be  sepnraud   I 
and  determined  by  TwiCcheli'a  procera  {p.  238),  and,  if  deairtd,  the  neutral 
oil  may  be  recovered  by  distilling  the  original  washed  ethereal  solution. 

IV.  Amount  of  Tree  Acid  permiggible  in  Lubricants.— Th« 
anioiinb  of  free  acid  permissible  in  a  lubricating  oil  depends  upon 
the  nature  of  the  oil  and  the  purpose  it  U  used  for.  A  refined 
(pule)  mineral  oil  should  not  contain  tmj  add  whatever;  but  the 
dark-coloiirod  '  redticod '  oik  ma^  bo  expected  to  contain  traces 
of  weak  organic  acids  varjiug,  according  to  Holde,  from  0'2  to  about 
3'0  per  cent.,  calculated  as  oleic  acid.  Free  miueral  a.oid,  which  can 
only  occur  through  imperfect  refining,  should  not  be  permitted  in 
any  oil ;  hut  some  free  fatty  acid  must  be  allowed  iu  iizod  oUa  and 
fata,  Experience  shows  that  1  per  cent,  of  free  fatty  acid,  calculated 
OS  oleic  acid,  is  a  practicable  working  limit,  and  no  olive  oil,  tallow, 
ur  other  oil  containing  more  than  this  proportion  of  acidity  should 
be  uued  fur  lubricating.  The  lese  there  is  below  this  amount  th<j 
better  the  oil. 

V.  Ftocbm  for  refining  small  qnaiititlai  of  oil.— Neutral    oil   or  tallav 

required  in  small  quantity  for  delicate  mecbaniBtu,  instrunienU,  bmss  taps. 
etc.,  can  be  prepared  as  tolU)WB  : — Take  a  good  commercial  sample  of  the  oil 
or  fat,  conlaming  not  more  than  say  5-7  per  cent,  ot  free  ^oleici  add,  and 
place  it  in  a  bottle  with  one-third  of  its  volume  of  caustic  eooa  solution, 
prepared  by  mixing  a  G  per  cent,  aqueous  solution  of  caustic  soda  with  ball 
its  volume  of  methylated  spirit    Add  abv  some  phenol pbthalein.    SUud 
the  bottle  in  hot  water,  so  as  to  raise  the  tem]ierBture  iif  the  contents  to 
about  150°  F.,  and  thi-n  shake  the  nil  und  soilii  together,  thoroughly,  but 
too  vignrouslv.     If  the  crimson  colour  of  the  phenol phtlialein  is  blead 
add  more  soda  until  the  colour  reuiaius  permanent  on  continued  nhuki 
Then  allow  the  liquids  to  separate,  while  not,  in  the  bottle  or  in 
funnel,  and  siphon  or  lap  on  the  lower  liquid.    Wash  the  oil  by  shaking 
a  few  times  with  a  mixture  i>f  water  two  volumes  and  methylated  spirit  i 
volume,  allow  to  stand  imtil  the  aqueous  liquid  has  separated,  filter  the 
through  a  dry  filter,  aud  heal  it  in  the  water-oven  to  a  temperatv~ 
g  212"^  F.  until  bright. 
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Pure  mineral  oils  and  retiiicd  rosin  oil  free  front  rosin  acids  e 
L'bcuiically  indifferent  towards  alknlia,  but  all  the  filed  oils,  fatx,  t 
waxes  when  ticntod  with  i^aiistJc  soda  or  caiistic  potauh  arc  Rupoiiifi 
with  romintiou  of  glycerol  or  wax  alcohols  and  soaps.     This  dlfTerenoa 
of  behaviour  is  the  basia  of  the  proci.'sses  fur  the  detection  aud  detet 
niuiatioti  of  tj^til  (sajionitiitble)  oils  and  hydroearlxm  {unsa|>onifialili 
oUa  iu  the  ureaence  of  each  otiier. 


I.  Detectioii  of  Fatty  Oil  in  Hineral  OU. 

I.iii's  teat,  improved  by  Hulietnann,'  depends  upon  the  propur^l 
{XMseaaed  by  quite  siuull  quiuititieii  of  soap  of  causing  tlie  gclatiuiza-ff 
tiuii  of  mineral  oil,  as  netl  lis  upon  the  frothing  or  foaming  of  soapyfl 
tiijuids  when  heated. 

3-^  c.c  of  the  gUHpectid  mineral  oil  are  plai'ed  in  a  dry  teat-tube  with  fa 
sranll  piece  of  caualic  soda,  and  the  lube  is  heated  id  a  pamffin  bath  for  fifteen'J 
intnntes  to  a  temperature  of  230°  C.  in  the  csbc  o!  pale  coloured  oils,  or  2 
C.  in  the  case  of  dark  mineral  oil?  or  cylinder  oils.  If  very  small  quantil 
(as  small  aa  2  )>er  cent.)  of  fatty  oil  are  to  be  looked  for,  a  duplicate  teat  ii 
made  at  the  nme  time  with  metallic  sodiiim  instead  of  caustic  soda.  Ol 
removins  the  tuljes  from  the  bath  and  allowing  them  to  oool,  the  presenee  of 
a  aponibable  oil  is  indicated  by  the  gelatinization  (complete  or  partial)  of 
ihe  oonlcnta  of  one  or  huth  tubes,  or  by  the  appearance,  on  ihe  surface  of  the 
oil,  of  a  suipy  froth,  the  aiuoimt  of  which  la  proportional  to  the  quantity 
of  •aponilUhle  oil  present.  Both  gelatinization  and  the  soapy  Froth  may 
be  observMl.  Holde  htfllea,'as  ths  result  of  a  large  number  of  experiments, 
that  by  ihic  test  aa  little  os  05  per  cent,  of  faity  oil  may  be  detected  in 
pale  mineral  oilb,  9  per  cent,  in  dark-cot  on  red  oils,  and  1  per  cent,  in 
cvHnder  oils. 


1 1 .  Detection  of  Uioeral  Oil  in  Fatty  Oil. 

The  following  test  by  Holdc '  depends  upon  tho  fuut  that  an 
alcoholic  solution  of  pure  sonp  remaius  clear  on  tho  addition  of  i 
limited  quantity  of  water:  but,  in  the  presence  of  mineral  oil,  ths] 
uddiliuD  of  water  causes  iho  formation  of  n  turbidity,  due 
precipilution  of  the  unsapoiiified  mineral  oil. 

A  piocc  of  (niulic  imUiah  about  tho  aiu  of  a  pea,  is  healed  in  a  t«Bt-tuU 
with  aboul  a  t«.  of  absolute  altohul  until  dissolved  ;  3  or  4  drops  of  tl 
su*poet«d  oil  aw  llwju  added,  and  tlie  liquid  i"  boileil  for  one  minute.    C 
btttor  still,  H  cc  ol  a  clear  «eiuinorimil  solution  of  pola^h  in  alcohol  (ui 
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;ir.'l  fr.t,'.  ',;  * ri';  f.^.hi  '/.!-.  Afiiori  r-r^nir^  1^.-  than  the  averac^e.  and 
\tyi^yiT  r.-i*.,  f#>ilMi  r.-.*,  'ill,  ''/--y/r.'it  oil,  an'l  r.-jrtv'i^e  and  dolphin  jaw 
'III-:,  f,\i\t.\i  T*-'\'\\Tf:  f:',uA'U:rA.\t\y  uxOTk.  Th»>  waies  have  character- 
h'.itr  tUy  I  / ,  V  ■ :  I  f  // » r  I  i  f  J '  :;i  t  i  o  1 1  v^i  1 1  i  ^:  1,  }\  yd  roiia  r  i  »«>n  •  >il.*,  o  f  coin>se,  have 
r»'fii«-  If*  ri'<-,  ;i  kiio'A I'-dj^':  of  th"  -.'ifKniiticfition  value  enables  us  to 
rlrjiri,  ;iM'J  fn-'jiMiit.ly  t.i/ ;i  J  iprox  in  I  a  U-ly  determine,  the  proportion  of 
hydr'i/)iilioii  oil  in  ;l  inixtun.-,  to  identify  in  a  pure  state  those  oils 

'  Jnur.  fine.,  t'hrm.  !nd.,  xiii.  M8JM),  p.  420. 

'  Kfiflt^;ti>rf«  r,  who  u\\s^\ui\U'i\  l.iii.n  t.«-st  ah  a  means  for  detecting  the  adulten- 
limi  of  IhiMit,  l'I|»r>■^^'-'l  hit  irtwiilu  in  nii]Ii;(r»ninie»  of  potash  per  gramme  of  fat, 
i.r,  ill  iinitu  |iii  |o»»fi,  nrid.  willi  tln«  cxcriilit^n  of  Alhm  '.CoinmL  Org,  AnuU),m€^i 
Miitliom  liiivn  rnlliiwf'l  hin  I'xanipli*.  The  acetyl  values  of  oils  are  similarly 
nipiPNifw],  hill.  |.h««  llnhri««r  and  i'xiino  valiins  have  always  heen  exprened  in 
pi<if'pnUf/nii.  K'lr  thi>  Hiikn  of  iinihitniity,  the*  |>frcentage  system  is  adopted  for  all 
vahmn  frivnn  in  Ihin  vdlniiii*. 
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and  waxes  which  have  characteristic  values,  and,  lo  a  limited  oxtent, 
to  detect  the  adulteration  of  one  fatty  oil  with  another  having  a 
different  saponifiestion  value. 


II.  Detenu inatiOQ  of  the  Saponification  Value, 


■alue  the   following  reagents  are 


For  the  dctci  ruination  of  this 
required : — 

Jpproicimattly  semmormal  atoAoIie  poladi,  made  by  dissolvidg  about  18 
grniB.  of  the  purest  obtainable  potash  in  500  cc.  of  pure  reclifled  alcohol, 
Ab  potash  '  pure  bv  alcohol '  usually  contains  about  20  per  cent,  of  water, 
this  solution  will  be  about  semioonual  in  strength ;  if  anhydrous  potash 
be  used,  14  grms.  would  be  enough. 

If  made  with  impure  spirit,  the  solution  will  rapidly  assume  a  red  or 
brown  colour  and  will  then  be  unlit  for  ase,  but  if  made  with  pure  rectified 
alcohol  it  will  slowly  acquire  a  pale  yellow  tint  which  in  no  way  interferes 
with  the  teat.  No  diflicid^  will  be  experienced  in  diusolving  the  potash 
in  the  strong  alcohol  if  the  following  plan  be  adopted  ; — Introduce  the  potash 
and  the  alcohol  into  a  600  c,c  test  mixer,  insert  the  stop])er,  and  invert 
the  cylinder  so  as  to  bring  the  potash  to  the  upper  end.  Then  lay  the 
cylinder  upon  the  bench  and  raise  the  upper  end  upon  a  block  at  such  an 
angle  thnt  the  potash  will  not  slide  lo  the  bottom  ;  it  will  then  very  rapidly 
dissolve.  When  solution  is  complete,  well  mix  the  contents  of  the  cylinder, 
allow  to  stand  over  night,  and  filter  through  a  dry  filter  paper  into  the 
reagent  bottle,  which  should  be  closed  by  a  rubber  stopper  and  kept  in  a 
cool^  dark  cupboard. 

Seminoriiutl  hydrochloric  acid,  accurately  standardized  with  pure  sodium 
carbonate,  which  has  been  heated  to  just  below  redness  for  live  minutes  and 
cooled  in  a  covered  platinum  crucible  in  a  desiccator  immediately  before 
weighing.     I  c.c.  of  strictly  seminorraal  acid  neutralizes  0-02807  gnu.  KOH. 

Phmolphthalein  solution.     (See  p.  216.) 

(a)  Is  dettrmining  th«  lapoiiificatlon  value  of  a  fixsd  oil  or  fat,  S-5  grms. 
are  weighed  inUi  a  i^ntall  ^-ide-necked  flask  and  SS  c.c.  of  the  seniinormal 
potash  solution  are  added  from  a  pipette.  Exactly  the  same  volume  of  potash 
solution  is  then  delivered  into  an  empty  flask  of  the  same  size  and  shape. 
The  two  fla«ks  are  closed  by  corks  having  a  groove  filed  in  the  side  for  the 
escape  o(  vapour.  The  '  blank '  quantity  is  placed  at  once  inside  the  water- 
ijven.  The  flask  containing  the  oil  is  tinit  of  all  Iieated  on  a  steam-batli 
until  the  alcohol  commences  to  boil ;  it  is  then  agitated  with  a  rotary  motion, 
lo  and  fro,  so  as  to  break  up  the  oil  into  small  slobules  and  facilitate  the 

i1  have  entirely 


e  being  taken  not  to  solash  the  liqnid  up 
vT  cen  (lu   [oe  case  of  a  pure  fatty  oil)  the  globules  of  o 
diiapneareil,  or  when  (in  the  case  ot  a  mixed  fatt^  and  mineral  oil)  the  oil 
aadalkslin" 


and  alkaline  solution  have  been  thoroughly  boiled  and  agitated  together,  the 
flask  is  placed  inside  the  water-oven.  After  fifteen  minutes  have  elapsed, 
the  'blank'  quantity  ia  taken  out,  miied  with  about  1  c.c.  of  phenol- 
phthalein  solution,  and  carefully  titrated  with  the  semi  normal  acid  until  the 
crimson  colour  is  just  bleached  ;  the  flask  containing  the  saponified  oil  is 
then  similarly  treated,  and  from  the  relative  volumes  of  acid  used  the 
saponification  value 'is  oilculated  as  shown, by  the  following  example:— 
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Tabu  LVIII.— Sapomificatioh  Valom  of  rohi  One,  Fats,  aito  Waxm. 
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Ni»ieof011,«to. 

KoWSSStSiSSi,, 

js^sa 

011«oll 

^^^T^r:     :     :     :     : 

Ben  oil 

SS-Jr"""'""'.     : 

Palm  nut  oil 

Cottonieedaturln,     '.'.'.'. 

i8-B-we;wuair 
ia-7  -19T 

is 

«■■-»« 

IM 

Vegetable  iieai. 

Jrylog  Oil.. 

Rape  oil.  . 

a-iri»noll, 

MiutardDiJ(i.hlte) 

Mnjt|Lrdoil(bl«k).     ;          ;          ;          ; 

CottonMedDll 

Beiam«oil 

Biaiilnntoil 

Beech  not  oil. 

Malwill 

Camellnsoll 

17D  -17-1 

IBD  'U-E 
U-B-U« 

VeceUble  UrjlnK 

Unwed  oH,                                                                 IS* -!■■• 
BempMedull.    .                                                         WD -Ufa 
Poppy>«doll 1              18-8-IH 

Animal  Olla  and 

NeaUlootoU '              Wt -1»« 

lard  oil IM  -IM 

Tallow  (beef,  mnlloo,  and  home  ranoed).  i            ift^  -l>-S 

Bone  Hi 1»-1  -ie-5 

Lard 19'S-1B7 

Home  lat. ia*S  -IB"? 

Oil!  and  KlSiS 

Spemi  olli (Soutliem  and  Arctic),  .                           1X3  -14-7 

IXilphln  faw  oil,  ■tmn«l  (mn.  ulid  fat,                  »0 

Porp-lae  body  oil, lll-S -WB 

Dolphin  boi!>  oil,                                                        IB-T -WS 

.S,"5,*.     :     ;    :     :     :       iS:r. 

u>d-iir«oii, u-e-u-s 

other  ftihlUer  oil. I*-B-191f 

Menhaden  oil, ISD  -■»-! 

aardlne(lni:luding  Japan  RahlDll,,          .'              IH-a -1»'4 

WMMlaolId). 
Blown  Oilt, 

Craauba  wa( j                7-8-8-4 

Blown  ravlion  oil,       .          ,          .          . 

Blown  cotWiuBed  oil. 

Blown  lealoU 

Panmln  ™  and  ceraain. 

ws-so-s 

IDD 

S3-"' 

Hrdrocartmnii. 

\        - 

•  Do  NegTi  and  Vibria.  3U9  aamplt 

t  LlTsraeaga  Otno^yil,  IBM,  p.  : 
0  0 par  cent,  ot  KOH  and  rontiinli-' 


'  (bark  oil '  abaorblnt  mlr 
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Weight  of  oil  taken  ;  2*5  grms. 

Volume  of  ^  acid  uaed  for  the  *  blank,'   .  .    26*05  c.c. 

„  „  „  sample,    .        .        .     10*55  c.c. 

Difference  ;=—  KOH  required  for  saponification,   .     15*50  c.c. 

Therefore,  100  grms.  of  oil  required  15*5x0*02807x40=17*40  grms. 
KOH  for  complete  saponification ;  %.e,  the  saponification  value  is  17*40 
per  cent. 

The  quantity  of  potash  used  in  this  test  should  be  largely  in  excess  of  the 
quantity  required  for  saponification,  and  if  it  should  be  foimd  on  titrating 
with  acid  that  the  potasn  added  has  been  nearly  all  used  up,  the  test  must 
be  repeated,  either  with  less  of  the  oil  or  with  a  stronger  potash  solution. 
In  general,  correct  results  will  be  obtained  by  adhering  to  the  proportions 
given  above. 

(6)  In  testing  mixed  ftUty  and  mineral  ails^  especially  when  the  propor- 
tion of  mineral  oil  is  large,  it  is  safer  to  attach  the  flask,  by  means  ofa  good 
ordinary  cork,  to  a  reflux  condenser,  and  boil  for  an  hour  or  more  to  ensure 
complete  saponification,  the  *  blank'  quantity  of  potash  solution  being  boiled 
in  the  same  way  and  for  the  same  length  of  time.  In  testing  two  or  more 
oils  at  the  same  time,  if  there  are  not  enough  condensers,  the  potash  solution 
should  be  measured  into  all  the  flasks,  and  those  which  have  to  wait  kept 
closed  with  rubber  stoppers  until  condensers  are  available,  each  liquid  being 
titrated  with  acid  as  soon  as  it  has  been  removed  from  the  condenser.  Wool 
fat  would  not  be  completely  saponified  in  this  way,  and  must  be  heated  in  a 
closed  bottle  under  pressure  with  double  normal  alcoholic  potash  for  about 
two  hours  (see  p.  227). 

(c)  The  terms  ^saponification  value^^  *  Koeifstor/er  vcUtte^*^ alkali 
value^  employed  by  various  authors,  have  the  same  meaning.  The 
term  ^  sapojiificaticm  equivalents^  used  by  Allen, ^  means  the  weight  of 
oil  or  fat  saponified  by  56*1  parts  of  potash,  or  by  one  equivalent  of 
any  other  alkali.     Thus,  the 

saponification  value  (%) :  100  : :  56*1 :  the  saponification  equivalent, 

.*.  the  saponification  equivalent  = — — : = — . 

the  saponification  value 

The  saponification  equivalent  of  any  glyceride  is  one-third  of  the 
molecular  weight ;  in  the  case  of  the  ester  of  a  monohydric  alcohol  it 
is  identical  with  the  molecular  weight,  and  the  same  is  true  of  the 
free  fatty  acids. 


D.— APFBOXIMATE  ANALYSIS  OF  MIXED 

LTJBBIOATINa  OILS. 

It  is  obvious  that  the  composition  of  a  mixture  of  mineral  oil  and 
a  single  known   fatty  oil  can  be  calculated  from  the  saponification 

*  Comml.  Org.  Anal.,  vol.  ii.  pt.  i.  p.  53. 


• 


• 


• 
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tmLi*:  ^A  iLt  2LLXt^Ire.  Thus,  if  a  mixtare  knovn  to  i*tmm±  of  rape 
oO  ^lA  rf.iTferkl  oO  Lat«  »  s&pocii5eitioo  Tmloe,  per  cent^  ctf  8'2,  the 
per«tue*£r  ./  r*pe  oti  :n  the  mirtare  iiiu<t  t*  Demrij  8*2  x  100-=- 17*3 

=  47*4,  Aoi  lire  ij^rcentjise  of  minerml  oil  1 W  -  47*4  =  52*6. 

Wk»eii  the  cal^ire.  Aod  therefore  the  sapooificatioQ  value,  of  the 
fmttT  coDstitn*:z.i  is  TzckooTn.  the  menble  error  of  the  method  becomes 
zresht^r.  \f^i  iwrii/UtT-  hiMa  shown,  hx  the  amdTsb  of  seTeral  mixed 
labricatiiig  oil^  thit  the  res^olts  obtained  are  sufficiently  correct  for 
cookibereial  purp^tscs  when  ra(»ditT  is  of  supreme  importance.  He 
adopts  20*0^  per  cent,  as  the  mean  saponification  value  of  the  fatty 
eoDstituent.  and.  considering  the  extent  to  which  blown  rape  oil  is 
used  in  the  preparation  of  conmiercial  lubricating  oils,  this  figure 
would  be  likely  to  give  good  results  in,  perhaps,  the  majority  of  cases. 
Very  nearly  the  same  residt  would  be  obtained  by  taking  the  whole 
number  20.     Then,  the  saponification  value,  per  cent,  of  the  mixture, 

X  5  is  the  approximate  percentage  of  saponifiable  oil,  and  the 
percentage  of  mineral  oil  is  obtained  by  subtracting  this  number 
from  100. 

After  determining  the  saponification  value,  Gripper  again  raises  the 
alcoholic  liqiiid  to  the  boilii^-point  and  Ppurs  it  on  to  a  filter  paper  which 
has  been  saturated  with  boiling  water.  The  alcoholic  solution  of  soap,  etc, 
quickly  run^  through,  leaving  the  greater  part  of  the  hydrocarbon  oO  on  the 
filter.  After  washing  once  with  boiling  water,  the  specific  gravity  of  this 
oil  is  determined  by  the  alcohol  method  (p.  178). 


E.— DETEBMIHATIOH  OF  TOTAL  XTHSAPOHIFIABLE 

MATTES. 

If  the  solution  obtained  by  saponifying  a  mixed  fatty  and  mineral 
oil  with  potash  or  soda  be  shaken  with  an  immiscible  solvent,  such 
as  ether  or  petroleum  ether,  or  if  the  dried  soap  be  extracted  with 
petroleum  ether  or  chloroform,  all  the  unsaponifiable  hydrocarbon  oil 
is  dissolved  out,  and  may  \)e  obtained  in  a  separate  state  by  evapora- 
tion of  the  solvent,  and  the  amount  determined  by  weighing. 

Commercial  fixed  oils  and  fats,  (|uite  free  from  added  hydrocarbons, 
contain  small  quantities  of  unsaponifiable  substances  which,  under 
similar  circumstances,  are  extracted  by  the  solvent ;  but  in  most  cases 
the  natural  unsaponifiable  matters  (chiefly  phytosterol,  cholesterol, 
etc.)  do  not  amount  to  more  than  from  1  to  1*5  per  cent.  The  waxes, 
however,  such  as  sperm  oil,  wool  fat,  beeswax,  and  camauba  wax, 
yield  on  sajwnifi cation,  instead  of  glycerol,  monohydric  alcohols  which 
dissolve  in  the  ether  and  may  amount  to  from  35  to  55  per  cent,  of 
the  wax  saponified.  Shark  liver  oil  also  frequently  yields  on  saponi- 
fication considerable  quantities  of  solid  alcohols. 

In  the  analysis  of  lubricants,  therefore,  the  determination  of  the  un- 
sa[K)nifial)le  matter  is  not  only  a  means  of  separating  and  determining 

'  Chem.  Ne\v8,[]xy,  (1892),  p.  27. 
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the  proportion  of  hydrocarbon  oil  present,  but  it  is  also  a  means  of 
identifying  sperm  oil  and  the  waxes,  ascertaining  their  purity,  and 
determining  their  proportion  in  mixtures. 


I.  General  method  for  the  determination  of  misaponifiable  matter 
in  an  easily  saponifiable  oil,  fat,  or  fluid  wax,  such  as  rape 
qU,  sperm  oil,  etc. 

The  following  reagents  are  required  : — 

Oatutic  Soda  Solution, — 250  grms.  of  pure  caustic  soda  from  sodium  are 
dissolved  in  cold  water  in  a  deep  porcelain  basin,  and  the  solution,  when 
cold,  is  made  up  to  500  c.c.  If  not  clear,  it  may  be  filtered  through  ordi- 
nary filter  paper.  The  solution  is  preserved  for  use  in  a  bottle  closed  by  a 
rubber  stopper.    2  cc.  contain,  approximately,  I  grm.  NaOH. 

Alcohol. — Methylated  alcohol  free  from  naphtha  may  be  used,  but  pure 
rectified  alcohol  of  0*830  sp.  gr.  is  preferable. 

Ether. — Redistilled  metnylated  ether  of  sp.  gr.  0*725. 

(a)  The  Process. — Pour  about  10  cc.  of  the  oil  into  a  very  small  lipped 
beaker  and  take  the  exact  weight.  Then  take  a  deep  porcelain  basin, 
5^  inches  in  diameter,  and  a  glass  rod,  both  dry,  and  pour  oil  out  of  the 
beaker  into  the  basin  until  exactly  5  grms.  have  been  transferred.  If  a  little 
too  much  is  poured,  it  can  be  returned  to  the  beaker  in  drops  on  the  end  of 
the  rod.  A  solid  fat  is  weighed  similarly,  but  is  taken  out  of  the  beaker  on 
a  spatula,  which  is  subsequently  rinsed  into  the  basin  with  a  little  boiling 
alcohol  or  a  few  drops  of  ether. 

Mix,  in  a  stoppered  cylinder,  4  cc.  of  the  caustic  soda  solution  and  enough 
alcohol  to  make  50  cc;  pour  this  into  the  basin,  and  hoi\  gently  over  a  small 
Argand-Bunsen  fiame,  with  stirring,  until  most  of  the  globules  of  oil  have 
disappeared.  Then  cover  the  basin  with  a  clock  glass  and  keep  the  liquid 
gently  boiling  until  it  has  iDecome  concentrated  to  about  12-15  cc,  which 
should  be  made  to  take  at  least  half  an  hour  so  as  to  ensure  thorough  saponi- 
fication. If  the  liquid  should  concentrate  too  rapidly,  add 
25  or  50  cc.  more  alcohol  and  boil  down  again.  The  basin 
should  be  supported  on  a  perforated  disc  of  asbestos  mill- 
board to  protect  the  sides  from  being  overheated  by  the 
flame.  Pour  the  hot  soap  solution  into  a  ^lobular  separating 
funnel  of  about  300  cc  capacity  (fig.  71),*  previously  heated 
by  rinsing  with  hot  water  in  order  to  prevent  chilling  and 
solidification  of  the  soap  solution,  and  rinse  the  basin  with 
small  quantities  of  very  not  water  until  all  the  soap  is  trans- 
ferred. The  volume  of  liquid  in  the  separator  should  not 
exceed  about  70-90  cc  Pour,  carefully,  on  the  still  hot 
liquid  about  100-120  cc  of  ether,  insert  the  stopper,  and 
whilst  holdine  the  stopper  and  tap  firmly  fixed,  shake  the 
separator,  at  first  cautiously,  under  a  running  tap  of  cold  Fio.  71.— Separ- 
water,  for  at  least  one  minute,  not  too  vigorously,  so  as  to  ating  Funnel, 
thoroughly  mingle  the  ether  and  soap  solution  without 
emulsi^ing  them.  Then  place  the  separator  in  a  stand.  One  of  four 
things  will  now  happen. 

^  Made  by  cutting  all  but  about  1^  inches  of  the  stem  off  a  bulb  funnel,  and 
filing  the  end  obUquely. 
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'm)  Tbe  liqindf  wfll  aepumte  into  two  distmct  lATera,  abont  equal  in 
Tolanv-,  the  QPper  one  an  ethereal  fdmion  of  the  nnaaponifiable  matter  and 
the  lover  a  aolntioD  of  aoapi    This  b  as  it  shoold  be. 

($)  Tbe  liquid  will  aepttrate  into  tkree  well-defined  Uyers,  or  into  two 
Ujert  of  which  the  npper  is  of  much  leas  Tolome  than  the  lower.  This 
shows  that  too  mnch  aleobol  is  present.  Add  smaU  measured  quantities 
of  eold  water,  5  ce.  at  a  time,  and  re-shake  cantionslv  until  the  liquid 
aeparatea  into  two  lajers  onlj,  of  about  equal  volume. 

('>)  The  liquids  will  not  xparate,  but  present  the  appearance  of  a  nearly 
transparent  homogeneous  fluid.  Probablj  too  much  alcohol  ia  present; 
if  so,  the  cautious  addition  of  onall  quantities  of  water,  as  in  {0\  will  cause 
separation  to  occur. 

(I)  The  liquids  form  an  opaque  riscid  emulsion.  In  this  case  there  is 
probably  not  enough  alcohol,  and  the  remedy  is  to  add  more  alcohol,  2  or 
3  cc  at  a  time,  and  cautiously  mix  until  separation  into  two  layers  occurs 
either  at  once  or  on  standing  for  a  few  minutes. 

When  the  liquids  have  properly  separated  (allow  about  ten  minutes  for 
complete  separation  to  occur)  draw  off  the  layer  of  soap  solution  into 
another  separator.'  Shake  this  again  with  ether  (using  about  70  cc  this 
timeX  run  it  off  into  a  third  separator,  and  shake  a  third  time  with  ether. 
Then  mix  all  three  ethereal  layers  in  one  f^parator,  wash  twice,  each  time 
with  10  cc  of  a  1  per  cent  caustic  soda  f<olution  containing  10  per  cent,  of 
alcohol,  then  wash  six  times  with  pure  water,  usin^  10  cc.  each  time. 
Thoroughly  drain  off  the  water,  pour  the  ethereal  solution  (in  two  portions) 
into  a  light,  wide-necked,  8-oz.  fliask,  previously  weighed,  and  distil  off  the 
greater  part  of  the  ether  from  a  hot  water-bath.  Then  place  the  flask 
on  the  top  of  the  water-oven,  and  let  it  stand  there  until  the  ether  and 
water  have  entirely  evaporated.  The  evaporation  of  the  water  may  be 
hastened  by  surrounding  the  flask  with  a  beaker  from  which  the  bottom  has 
been  removed,  and  by  frequently  running  the  liquid  round  the  sides  of  the 
flask.  Then  let  the  flask  cool,  and  weigh  it  Replace  it  in  the  oven  for  ten 
or  twenty  minutes,  cool,  and  re-weigh.  Kepeat  this  until  practically  constant 
By  subtracting  the  tare  of  the  empty  flask,  the  weight  of  unsaponifiable 
matter  in  the  5  ^nis.  of  oil  taken  is  obtained. 

If  the  above  directions  are  carried  out,  the  whole  operation,  from  weighing 
out  the  oil  to  the  final  weighing  of  the  unsaponifiable  matter,  can  be  com- 
pleted within  three  hours.  Orainary  ether  is  preferable  to  petroleum  ether 
tor  extracting  the  unsaponifiable  matter ;  it  boils  at  a  lower  and  a  constant 
temperature,  evaporates  more  readily,  and  leaves  no  residue.  Petroleum 
ether  can  be  purchased  which  is  completely  volatile  at  60"  C. ;  but  it  must 
always  be  tested,  and,  if  found  impure,  must  be  re- fractionated,  rejecting 
all  that  boils  above  60**  C.  When  ordinary  ether  is  used,  it  may  be  com- 
pletely evaporated  at  such  a  low  temperature  that  light  mineral  oil,  which 
IS  sometimes  used  for  adulterating  rape  and  other  oili,  can  be  detected  and 
determined  without  appreciable  loss.  Lewkowitsch  has  pointed  out  that 
ordinary  ether  usually  extracts  larger  quantities  of  soap  than  petroleum 
ether  ;  but,  for  ordinary  purposes,  tne  amount  of  soap  extracted  when  the 
process  is  conducted  as  described  above  is  negligible.  In  cases  where  special 
accuracy  is  required,  traces  of  soap  and  saponifiable  matter  contained  in 

'  Before  removing  the  stopfwr,  drop  a  little  ether  upon  the  outside  of  the  separa- 
tor and  blow  upon  it,  so  as  to  cool  the  glass  by  evaporation  ;  this  will  reduce  the 
pressure  of  the  ether  vapour  inside,  ana  will  prevent  drops  of  liquid  from  being 
expelled  when  the  stopper  is  removed. 
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the  product  of  the  firgt  extraction  may  be  removed  by  boiling  it  with 
alcoholic  «oda  and  re-extracting  with  ether;  or,  the  umaponitied  matter 
may  be  incinerated,  as  recommended  by  Lewkowitech,  and  the  soap  present 
caktilat^d  from  the  alkalinity  of  the  residue.  Petroleum  ether  is  not  such 
a  good  solvent  for  some  wax  alcohols  as  ordinary  ether.  Thus,  LewkowiUch 
describes  an  experinienl  in  which  a  sample  of  shark  liver  oil  gave  10  per 
cent,  of  unsapon  ill  able  matter,  consisting  of  wax  alcohols  From  spermaceti, 
when  ordinary  ether  wan  employed,  whereas  petroleum  ether  only  eitiHcted 
from  1-38  to  3'73  per  cent. 

(6)  MoitifierUum  in  prartie^  of  m-uch  Mineral  OU. — When  much  mineral 
oil  is  present,  aaponification  in  a  basin  is  not  a  satisfactory  method,  because 
the  oil  does  not  entirely  disiiotve,  but  visible  drops  of  mineral  oil  remain 
Bu«|ieiided  in  the  liquid,  aud  a  more  vigorous  and  longer  boil  ingia  necessary 
in  order  to  ensure  complete  saponification.  In  sucn  caaex,  it  is  better  to 
weigh  the  oil  into  a  flask  and  boil  it  with  the  alcoholic  soda  solution  under 
a  reflux  condenser  for  au  hour  or  mDr&  Then  pour  the  contents  of 
the  flask  into  a  ba^dn,  boil  dou'n  gently  to  10-15  cc,  and  proceed 
exactly  as  directed  above,  rinsing  the  flask  as  well  as  the  liasm  into 
the  separator,  first  with  a  little  hot  water  and  then  with  ether  from 
the  wash  bottle. 

(ej  ModiJUatiim  m  prenmee  o/  Wool  Fat. — Wool  fat  and  lubricanU  con- 
taiuing  it  must  be  heated  with  alcoholic  soda  solution  of  double  normal 
strength  in  a  closed  bottle  under  pressure  for  about  two  hours  to  insure 
complete  saponification.'  An  uidinary  4-02,  reairent  bottle  of  fairly  thick 
glass  answers  ven"  well  for  this  purpose,  and  after  the  oil  or  fat  and  the 
alkaline  solution  have  been  introduc«^  '  au  indiarubber  sUjpper  ^  is  inserted 
and  tied  firmly  down  with  string,  leaving  a  loop  at  the  top.  This  loop  ia 
suspended  from  a  gloss  rod  or  stout  brass  wire  hxed  hoiizontally  over  a  can 
of  warm  water,  so  that  the  bottle  is  immersed  up  to  tlie  neck  in  the  water, 
which  is  then  raised  to  the  boiling-point  and  kept  gently  boiling.  If  the 
bottle  will  not  sink  sufHcientlv,  a  atrip  of  lead  may  be  wrapped  round  it 
and  fastened  by  an  indiaruboer  band.  The  bottle  is  removed  from  the 
water  occasionally  and  the  contents  well  mixed  by  circular  agitation, 
taking  care  not  to  splash  anv  liquid  on  to  the  rubber  stopper.  When 
saponifleation  is  complete  the  bottle  is  allowed  to  cool,  the  stopper  is  then 
tabea  out,  the  liquid  is  poured  into  a  basin  and  proceeded  with  as  directed 

The  formation  of  a  layer  of  v^ite  iTisoluble  fioch  lieiween  the  aijueous  and 
ethereal  liquids  is  characteristic  of  wool  tat,  and  often  indicates  its  presence. 
Lewkowitsch  has  shown  that  these  flocks  consist  of  au  insoluble  soap 
formed  from  fatty  acids  of  high  molecular  weight ;  they  cio  not  belong, 
therefore,  to  the  unsaponifiable  matter,  and  shomd  be  separated  from  the 
washed  ethereal  liquid  by  filtration  through  a  small  dry  filter  paper.  The 
aame  device  is  often  u^ful  for  removing  drops  of  water  which  might  other- 
wise find  their  way  into  the  distilling  nask. 

(d)  Modification  in  pre»eitce  if  Beenoiix. — Owing  to  the  sparing  solubility 
of  myrieyl  alcohol  in  most  cold  solvents,  the  above  method  cannot  be  applied 
to  the  analysis  of  Iieeswax,  carnauba  wax,  and  substances  containing  large 
quantities  of  myricyl  alcohol.*    When  beeswax  and  carnauba  wax  are  boiled 

'  Lswkowitscli,  Jour.  Hoc.  Chem.  lad.,  xi.  (1892),  p.  137  ;  Herbig,  tbiil.,  xiii, 
(IS94),  p.  1068. 

'  For  C  erma.  of  fat  ubb  4  c.c.  of  50  jwr  coiit,  caugtic  soda  aulution  diluted  to 
26  CO.  with  abaolute  ali^ohol. 

*  This  must  be  jiiire  rubber,  free  from  substitutes. 

*  A-ileu,  Cumml.  Org.  Anal.,  vol.  il  pt.  i.  p.  49. 
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with  alcrihnlir  f^oda  solution  under  a  reflux  condenser,  AponificaizoB  rexfOr 
takeH  place,  and  a  dear  or  a,\iufAt  clear  aolntion  U  obtained  in  a  ahoct  tznie. 
but,  immediately  the  liquid  bt^ns  to  cool,  not  only  the  wax-alcc&C'l  hnz  ;be 
Boap  (sTKliiiin  rerr>tate)  nolidifies  on  the  Mea  of  the  fla^k.  and  bef^.^c  :he 
contents  liave  b<*coiiie  nearly  cr)ld  they  form  an  almoet  solid  mass.  The  b«9C 
way  to  proceed  in  fliich  ca«efl  (which  are  unlikely  to  occnr  in  cooneccioa  wiik 
the  analyHiR  of  lubricantH)  ifl  to  extract  the  dry  soap  with  chloroform  as  recom- 
menrle«^l  by  Horn  and  C^rittner.'  Five  grms.  of  the  sample  are  bdled, 
until  thoroughly  ^aponifierl,  with  4  c.c.  of  50  per  cent,  caustic  soda  soIizQim 
and  1(X)  c  c.  of  alcohol  in  a  flarik  connectea  to  a  reflux  condenser.  The 
boiling-hot  sfjlution  is  poured  into  a  basin,  the  flask  well  rinsed  out 
with  .small  nuantities  of  boiling-hot  alcohol,  and  the  liquid  evaporated  to 
a  small  bulk  over  a  steani-bath,  with  stirring.  Some  coarsely  powdered 
pumice  stf>nc '  i»  then  added,  and  the  contents  of  the  basin  are'  evaporaud 
to  drynesfl  with  c/>Titinual  stirring,  so  as  to  reduce  the  residue  to  small  grains^ 
and  well  dried  in  the  sU.*imi  oven.  Any  Hoap  adhering  to  the  basin  is  soaped 
off  with  a  spatula,  and  the  entire  residue  is  traneferrra  to  a  Soxhlet  appar- 
atus and  extracted  with  chlon^fonn,  which  is  sub^nently  evaporatea  and 
the  residue  weighed.  The  l^asin  is  rinsed  into  the  apparatus  with  hot 
chlorriform  before  the  extraction  is  commenced.  Two  hours'  extraction,  if 
the  apjxiratus  is  working  well,  will  dissolve  all  the  alcohols  from  5  grmsw 
of  sap<jnified  lieeswax  ;  only  traces  are  extracted  in  the  second  hoar. 

Sufficient  pumice  must  Ije  added  to  enable  a  granular  non- pasty  residue  to 
be  obtained.  Sand,  which  is  sometimes  recommended,  is  less  soitable  than 
coarse  pumice,  and  must,  according  to  Qrittner,  l)e  purified  from  calcium 
carljonate  by  washing  with  hydrochloric  acid,  in  order  to  prevent  the  forma- 
tion of  lime  soaps  which  are  sf;luble  in  chloroform.  Chl()n)form  is  used  in 
preference  to  petrrjleum  ether,  as  it  does  not  dissolve  the  soda  soap.  It  is, 
however,  desirable  to  make  sure  tliat  the  unsaponifiable  matter  is  me  from 
soap  by  determining  the  ash  of  a  portion,  as  recommended  by  Lewkowitsch. 
It  is  also  desirable  liefore  evaporating  the  soap  solution  to  add  sufficient 
sodium  bicarbonate  to  convert  the  excess  of  caustic  soda  into  carbonate  (2*1 
grms.  NaHCO,  for  1  grm.  NaOH).  If  |>etroleum  ether  be  used,  this 
is  essential. 


II.  Betermination  of  Small  Quantities  of  Saponifiable  Matter 

in  Mineral  Oils. 

In  the  analysis  of  mineral  oils  containing  small  quantities  of  fat  or  resin, 
it  is  preferable  to  determine  the  fatly  or  resin  acids  as  described  in  section 
G  (p.  235),  and  the  hydrocarbon  oil  by  difference.  Tlie  j)ercentage  of 
fatty  acids  obtaineil,  divided  by  0*95,  will  give,  approximately,  the  percent- 
age of  fatty  oil. 


F.  -COMPOSITION  AND  IDENTIFICATION  OF 
UNSAPONIFIABLE  MATTERS. 

The  uiisaponiiiable  matter  obtained  in  the  analysis  of  lubricants 
may  be  expected  to  contain — 

>  Jour,  Soc.  Chem,  Ind.,  \ii.  (1888),  p.  696,  and  ix.  (1890),  p.  772. 
^  The  fragments  of  pumice  should  pass  through  a  sieve  having  II  meshes  to 
the  linear  inch,  and  should  contain  no  powder  which  will  pass  a  24-mesh  sieve. 


Liquid  at 
the  (iniiufkr 

len»pen»tiir( 


Solid  or 

si'mi-sulid 

at  the 
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Hydrocarbone :  including 

MineraJ  oil  frum  [letri ileum  (ir  shule, 

Roolii  oil, 

(Healral  t&r  oU  frtjiii  coal  tur), 

Hydrocarbon*  from  distilled  wool  grenBu. 

Paraffin  wax  or  aeruln, 

Vauline. 
Wax  Alcohols,  from  sporni  oil,  wool  fat,  etc., 
Cholesterol,  from  wool  fat,  liver  oila,  and  all  other 

animal  oils  and  faU, 
Isocholesterol  from  wool  fat, 
FbjrtOBterol,  from  veget^ible  oil^i  and  futs. 
Colourinij  matter  {irar-ii), 
Umaitonijieti  oil  or /at, 
Soap. 

I,  Hydrocarbons,  whether  li<juid  or  solid,  may  be  identified  by 
their  sparing  Gullibility  in  aloohol.  If  a  small  drop  of  the  uneaponi- 
fiable  uiutter  on  the  uud  of  a  thin  ^{laHH  or  platinum  rod,  or  in  a 
platinum  wiro  loop,  bo  immersed  in  a  little  cold  rectified  alcohol  in 
a  tvet-tube  which  Is  held  tip  betvsoen  the  eye  and  a  window,  pure 
hydrocarbon  oil  will  show  no  sigu  of  solution,  and  the  drop  will 
probably  appear  fluorescent  at  the  edgtw ;  but,  if  wax  alcohols  from 
Bpemi  oil  he  present  they  will  quickly  dissolve  and  cause  visible 
nream  lines  m  the  liquid.  If  the  iinsapoiiifiable  matter  bo  solid  the 
IBolvent  alcohol  may  be  gently  warmed,  sufiiciently  to  melt  it. 

(a)  Fittore»emce  is  a  very  characteristic  property  of  hydrocarbon 
oila,  lliuugh  all  do  not  show  it.  Distinct  fluorescence  of  the  un- 
'Baponilialile  muttvr  or  of  its  ethereal  solutiou  proves  the  pi'cseuce  of 
hydrocarlHins  ;  but  a  non-fluorescent  appearance  does  not  prove  their 
abooDce.  If  the  fluorescence  be  uot  readily  observed,  Allen  recom- 
mends laying  a  glass  rod,  previously  dipped  in  the  oil,  on  a  table  in 
front  of  a  window,  so  that  the  oily  end  of  the  rod  projects  over  the 
edge  of  the  table  away  from  the  window  and  can  be  soeu  against  the 
dark  background  of  the  floor.  Another  plan  is  to  make  a  broad 
streak  of  the  oil  on  a  pieco  of  black  marble,  or  on  a  sheet  of  glass 
lying  on  black  paper  or  cloth-  The  fluorescence  of  hydrocarbon  oil 
is,  as  a  rule,  greatly  intensified  by  solution  in  ether,  which  frequently 
leads  to  Its  detection  while  the  unsuponiliuble  matter  is  licing 
extracted.  Mineral  oils  which  have  been  'debloomcd'  by  chemical 
trcattnont  (seo  p.  98)  regain  their  fluorosccnco  by  treatment  with  an 
■equal  uiensure  of  strong  sulphuric  acid  {Alleti). 

{b)  Hydrocarbon  oils  are  miacted  upon  when  submitted  to  the 
andylalion  lent  (p.  24-1).  If  the  unsajionifiable  matter  after  treatment 
with  acetic  anhydride  has  no  saponificiitioii  value,  liydrocar))ons  alone 
»re  nrtseiit. 

(c)  If  the  uiisaponiflable  matter  consists  entirely  of  hydrocnrlions, 
the  ep«cilif  gravity  should   be   determined    by  the   alcohol  \nQ\.W>i\ 


(p.  178).  Minora]  Itibricating  oils  (including  nlso  ra«elttte  ani 
juu'ulliii  wnx)  imuaUy  rauge  in  Hpecitiu  gravity  fruiu  about  OSGO  U> 
abuiit  0-947  ut  GO'  F.,  tUotigh  the  sp.  gr.  tnaj  go  aa  high  as  099 ; 
rosin  nil  is  hunvler,  iiHually  ranging  from  about  0-9fi  to  1  -Ot  :  tar  uil> 
iilwityn  oxcood  rO  in  siwcitio  gravity  and  will  therefore  sink  iit  waKr. 
L'or  tho  einminalion  of  mixtures  see  section  S  (p.  295). 

(,l)  Vasoline  al  the  ordinary  temperature  is  aemi-solid,  soft,  and 
iiiiior|))iou!i :  paraffin  wax  is  uiure  or  leas  hard  and  erystalJtne.  Allen 
has  shown  that  ulthuugh  in  the  xolid  state  these  aub«t&nc«8  an; 
uiiiirly  or  thu  siiiiie  8|Mjoifie  gravity,  their  densities  in  the  liquid  state 
at  the  tamperaturo  of  boiling  water  are  widely  difTerent ;  1^  i 
are  summaristed  in  the  following  table  : — 


DMOilptln. 

SpMlOeOnritr.                    fl 

»,i«,.t^:c.    >i-*-.-^J 

Vaseline  (0  samples),     . 

0-866-0&Oe       1       0-804-0«S6H 
0-8(i7-0'9U              0-748-0-767H 

seline 


Allen's  results  at  99°  were  obtained  with  the  Westpbal  h 
and  aa  no  correction  was  made  for  the  eipansion  of  the  pli 
they  are  about  0-002  too  high  {Aliler  Wright). 

(e)  Mineral  oils  atxiorb  variable  amoimts  of  ior/ine,  according  to  the 
proportion  of  unsaturated  hydrocarlwns  contained  iu  them.  Paratlin 
wax  and  cerasin  absorb  loss  than  5  per  cent,  of  iodine,  vaseline 
absorbs  rather  more,  and  the  fluid  oils  absorb  up  to  23  per  "" 
(see  Table  LXVIII.,  p.  356).  Rosin  oils  absorb  from  43  to  48 
cent.  ( Valenta). 

II.  The  Wax  Alcohols  which  most  frequently  occur  in  lubrii 
are  those  derived  from  gpenn  or  boWenoie  oil.  Their  nature  is  at 
present  unknown.  When  obtained  from  pure  sperm  or  bottlenoao 
oil.  they  are  crystalline  and  almost  colourless,  having  only  a  veiy  pale 
greenish  yellow  tint.  Their  oousigtence  at  the  ordinary  temperature 
is  that  of  solid,  soft  fat,  and  they  melt  at  235'  to  275*  C.  They 
dissolve  easily  in  warm  rectified  alcohol,  and  the  solution  remains 
clear  ou  cooling ;  if,  therefore,  the  '  unsaponitiablo  matter '  from  S 
grms,  of  oil  is  completely  soluble  in  about  2  o.c.  of  cold  rectified 
alcohol  of  ap.  gr.  0834,  and  remains  clear  on  adding  50  c.c.  more 
rectified  alcohol,^  it  cannot  contain  an  appreciable  quantity  of  hydro- 
carbons, and  probably  oonBiats  eTitireJy  of  the  mixed  nlcohola  from 

'  Nnsh  Mna/i/rt,  1904,  p,  3)  but  sliown  thit  u  solution  of  operm  oil  ■Icabola  tn 
sbsoIut«  slcobDl,  sud  even  in  roctiliod  slcohol,  unless  much  diluted,  dissolves 
minersl  oil  f(««]y.  Absolute  alcohol  muet,  therefore,  not  be  used  for  deteotiBg 
mineral  oil  in  sperm  oil.  


1. 
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sperm  or  Itottlenose  oil.     Theao  alcohols  may  be  further  identified  by 

their  iodine  value,  60-70  per  cent. ;  liy  their  specific  gravity  at         ^ 

C.  ahout  0827 ;  and  by  the  auetylation  test  described  on  p.  243. 
When  mixed  with  twice  their  volume  of  acetic  anhydride,  they 
dissolve  easily  when  gently  warmed,  and  the  solution  remains  clear 
on  (.'ooliug  ;  the  mixed  acetates  have  a  saponification  value  of  IG'I  to 
19'0  per  ceut.,  acconJing  to  Lewkowitach. 

III.  The  Mixed  Alcohols  from  Wool  Fat  are  pale  yellow,  have 
the  uharacteristic  udour  of  wool  fat  and  the  consistence  of  wax. 
Mel  ting- point,    44*-48'    C.     Iodine    value,   about   35-40   per  cent. 

Specific  gravity  at  j^-^  C,  about  0'957.     They  dissolve  readily  in 

warm  rectified  alcohol ;  but  on  cooling  eveu  a  dilute  solution,  partial 
precipitation  occurs.  By  fractional  crystallization  from  a  hot,  strong 
solution  in  alcohol  or  ether-alcohol,  crystals  of  cholesterol  are  obtained, 
which  inay  be  identified  by  their  melting'point,  crystalline  form,  and 
colour  reactions  (see  p.  292).  The  mixed  acetates  formed  by  boiling 
the  alcohols  with  acetic  anhydride  require  from  IS'l  to  16-1  per  cent. 
of  potash  for  saponification.  These  properties  easily  distinguish  the 
wool  fat  alcohols  (when  pure)  from  those  of  sperm  and  botllenose  oils. 

IV.  Beeswax  and  Camauba  Wax  are  unlikely  to  occur  in  the 
analysis  of  lubricants.  The  presence  of  cither  wax  could  scarcely  fail 
to  be  indicated  by  the  insoluble  character  and  comparatively  high 
melting-point  of  the  myricyl  alcohol  formed  by  saponification.  This 
alcohol,  mixed  in  the  case  of  beeswax  with  some  hydrocarbons,  is  the 
chief  constituent  of  the  '  unsaponifiable  matter'  of  both  waxes  ;  it  is 
white  or  pale  yellow  in  colour,  very  hard  and  brittle,  soluble  with 
difficulty  iu  even  boiling  alcohol,  and  almost  entirely  crystallizes  out 
on  cooling.  Melting-point  of  the  products  from  beeswax,  76*  (owing 
to  the  hydrocarbons  present),  and  from  camauba  wax,  85°.  Saponi- 
fication value  of  the  mixed  acetates  from  beeswax,  10  per  cent.,  and 
from  camauba  wax,  12  per  cent. 

y.  Cholesterol  and  isocholesterol  form  a  large  proportion  of 
the  unsaponifiable  matter  of  wool  fat.  Cholesterol  also  occurs  in 
smaller  quantity  in  liver  oils  (shark  liver  oil,  cod-liver  oil,  etc.),  and  is 
characteristic  of  animal  oils  generally.  On  the  other  hand,  a  very 
similar  substance,  phytosterol,  the  'cholesterol  of  plants,'  is  found 
in  the  unsaponifiable  matter  of  rape  and  other  vegetable  seed  oils,  and 
olive  oil.  All  three  substances  are  moDatomic  alcohols  of  the 
aromatic  series,  generally  regarded  as  isomeric,  and  having  the 
formula  Cj^H,,0.  They  are  colourless  and  tastelMs  crystalline  bodies, 
oF  high  melting-point,  insoluble  in  water,  sparingly  soluble  in  cold 
alcohol,  but  easily  soluble  in  hot  alcohol,  other,  and  chloroform. 
They  may  be  distinguished,  when  iu  a  pure  state,  by  their  melting- 
points  and  crystalline  forms,  which  are  given  in  the  following 
table :— 
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Table  LIX. 


Cholesterol. 

Isooholesterol. 

PtljiosicniL 

MoItiiitf-tHtint,  \ 

•0.           1 

( 'ryiit«Ilinp  form, 

148-4-160-8 
{Bitmer.)* 

Thin      rhombic 
platos  of  CmH^iO 
-i  HyO    from    hot 
alcohol  and  ether. 

Anhydrous  needles 
fh>m  chloroform. 

187-188 

188-143*8 

Flocks  from  dil- 
ute alcohol  ;  a  jelly 
from  concentrated 
alcoholic  solution ; 
needles  from  ether. 

Tufts  of  needles 
Ca,H4,0+HJ) 

from  hot  aJconcJ ; 

anhydrous  needles 

from    ether    and 

chloroform. 

*  Point  of  complete  fUsion  (corrected). 

According  to  licimcr,  oholosterol  and  phytosterol  when  present 
togothor  cannot  bo  Hoparatod  by  orystallizatiou.  The  melting-point 
of  tho  mixture  in  goncnil  approximates  to  that  calculated  from  the 
molting-iH)int8  of  itH  com{)onent8.  The  mixture  crystallizes  in  one 
form  only,  tho  crystals  either  approximating  in  form  to  phytosterol 
crystals  or,  if  oholoston)!  bo  present  in  the  greater  proportion,  differ- 
ing in  form  from  tho  orystals  of  either  body. 

To  obtain  tho  crystals,  tlic  luisaponifiable  matter  from  50  grms.  of 
oil  should  bo  Imiloii  with  a  small  quantity  of  alcohol  and  the  solution 
filtorod  hot.  Tho  crystals  deposited  on  cooling  must  then  be  purified 
by  ropeaUxi  ro-crystalli»ition,  and  examined  under  the  microscope. 
They  should  bo  oom|)ared  with  tho  crystals  obtained  in  the  same 
way  from  pure  samples  of,  say,  rape  oil  (phytasterol)^  cod-liver  oil 
(rhoie8teroi)y  and  W(H)1  fat  {cholenierol  and  isochoUderol),  (Compare 
Salkowski,  Jour,  Chem,  t>or.,  1888,  Abs.  201.) 

For  the  detection  of  vegetable  oils  in  animal  oils,  Bdmer^ 
dotorminos  tho  melting-point  of  the  cholesterol  (phytosterol)  acetate. 
The  points  of  complete  fusion  of  tho  pure  esters  are  as  follow  : — 


Ch(>lo8U»rol  acetate, . 
Phvt4)stcrol 


»i 


ll4-3'-114-8'C.  (corr.) 
126-6"  - 137' C.(corr.) 


The  Process, — Tlio  unsaponifiable  matter  is  isolated  from  100 
grms.  of  the  oil  or  fat  by  saponification  and  shaking  out  the  soap 
solution  with  other,  and  is  purified  by  resaponification  and  again 
extracting  with  other.  The  extracted  matter  is  then  dissolved  in  a 
minimum  quantity  of  absolute  alcohol,  allowed  to  crystallize,  and  the 
crystals  are  examined  microscopically  to  determine  whether  they 
consist  of  phytosterol,  cholesterol,  or  a  mixture ;  thej  are  then 
returned  to  the  alcohol  and  the  latter  is  evaporated  off*.     2-3  ac.  of 

1  2tit$,  VfUersMch,  Nahr,  Oenusstiu,  1901,  iv.  1070. 
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acetic  anhydride  are  next  poured  over  the  dry  residue,  the  dish  is 
covered,  the  liquid  is  heated  over  a  small  flame  until  it  boils,  and  the 
excess  of  acetic  anhydride  is  evaporated  off  over  a  water-bath.  The 
acetic  esters  thus  obtained  are  dissolved  in  hot  absolute  alcohol  (10 
to  25  c.c.  for  O'l  to  0*3  grm.  of  esters),  a  few  c.c.  more  alcohol  being 
added  to  prevent  immediate  crystallization,  and  the  clear  solution  is 
left  to  slowly  evaporate  at  the  ordinary  temperature.  When  above 
half  of  it  has  evaporated,  the  crystals  are  collected  on  a  very  small 
filter  and  recrystallized  from  5  to  10  c.c.  of  absolute  alcohol,  the 
process  of  recrystallization  being  continued  so  long  as  the  material 
lasts.  The  melting-point  of  the  crystals  is  determined  after  the 
third  and  each  subsequent  ciystallization,  and  if  the  temperature  of 


Table  LX.— Percbntaob  of  Unsaponifiablb  Matter  obtained 
FROM  SOME  Fixed  Oils,  Fats,  and  Waxes. 


Name  of  Oil,  etc. 

UDBaponiflable  Matter,  per  cent. 

Olive  oil,  .... 

0-75-1 -50                           1 

Arachis  oil, 

0-54-0-94 

Castor  oil. 

0-30-0-37 

Palm  oil,  .... 

1-25 

Rape  oil,  . 

0-68-1 -30 

Ravison  oil, 

1-45-1 -66 

Cottonaeed  oil,  . 

0-73- 1-85 

Seaam^  oil,        .        .        . 
Maize  oil,  .... 
Linseed  oil. 

0-95-1 -32 
1-36-1-71 
0-60-1-28 

Under 
2  per  cent. 

Hempeeed  oil,  . 

100 

Poppyseed  oil,  . 

Tallow,      .... 

1-16 
0-60 

Lard,         .... 

0-23-0-30 

Porpoise  oil, 

Seafoil,    .... 

0-67 
0-24-1-4 

Sardine  oil. 

0-66-1-44                         J 

Whale  oil, 

0-66-3-7                           . 

Cod-liver  oil,     . 

0-46-2-68 
Very  variable ;  from 

Shark  liver  oil, .                .  < 

0-7%  to  21-8%  have 

Menhaden  oil,   . 

Sperm  oil,                          .  ) 

Arctic  sperm  oil,               .  ( 

bcin  recorded.* 
0-60-  2-2 

36-3-41 -6 

2  per  cent. 
)        and 
over. 

Wool  fat,  . 

38-7-561 

Spermaceti, 

61-6 

Beeswax,  .... 

62-3-66-3 

Camauba  wax, . 

62-4-66 

See  also  note  at  foot  of  p«ge  222. 
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complete  fusiou  be  117*  C.  (corr.)  or  kigher,  Bomer  regards  the 
presence  of  vegetable  oil  as  certain.  He  states  that  from  1  to  2  per 
cent,  of  vegetable  oils  containing  considerable  quantities  of  phy  tosterol, 
such  aa  cottonseed,  arauhis,  seDamiS,  rape,  hemp,  poppy  and  linaeed 
oils,  can  be  detected  in  animal  oils  by  means  of  this  test ;  and  of  other 
vegetable  oils,  such  as  olive,  palm,  and  palm  kernel,  from  3  to  5  per 
cent,  can  be  deteoted. 

For  the  separation  of  cholesterol  and  phytostorol  from  mistures  of 
mineral  oils  and  fixed  oils,  Marcusson  saponifies,  and  shakes  the 
aleoholio  solution  first  with  petroleum  spirit  to  extract  the  mineral 
oil.  He  then  drives  off  the  alcohol  and  shakes  with  ethyl  ether 
to  extract  the  cholesterol  and  phytosterol. 

The  test  is  based  upon  Bomer's  obaervation  that  the  higher 
aliphatic  alcohols  are  not  completely  extracted  from  au  alcoholic  soap 
solution  by  petroleum  ether. 

Gill  and  Tufts  {Jour.  Amer.  Ghent.  Sac.,  xxv.  551)  state  that  maize 
oil  contains  another  alcohol,  Bitosterol,  by  which  it  can  Bometimee  be 
identified  as  an  adulterant  in  cottonseed  oil. 

Cholesterol  gives  several  characteriBtic  colour  reactions  (see  p.  292) 
which  distinguish  it  from  isochotesterol,  but  not  from  phytoHteroI, 
which  gives  the  sitme  reactions. 


„„..,.„.-. 

FTupertlu  of  Mlied  Akohola,  stc. 

Uon  Value 
peragnt. 
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lodiDd 
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per  act. 

aperm  oil,                   ■. 
An>tJo«p.nnoll.       J 
Wool  tat,  .         , 

OJini»uh»»Ki,  , 

TB'-7r 

0-827 
(fBS7 

o-stss 

Ht-b-tOZ 

1S1-W-7 

9-e-ios 

1!-S 

Choi   W    1  <th 

«7-7 

IIB 

irs 

ri  reqnirv  ciniDmiKiIon 


VI,  UnBaponified  oil  or  fat  will  not  occur  in  more  than  traces 
if  saponification  has  been  pi-operly  carried  out,  and  Soap  should 
not  occur  at  all.  If  there  lie  any  reason  to  suspect  the  presence  of 
either,  the  ether  residue  must  be  purified  by  boiling  it  with  alcoholic 
aodti  (say  2  c.c.  of  50  per  cent.  NaOH  solution  and  25  c,c.  alcohol) 
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under  a  reflux  eoiicleiiser  for  iialf  uu  hour  uiid  re-extrauliiig  with 
ether  after  evaporating  off  the  alcohol  and  (Hlutiiig  with  water.  If 
wool  fat  1>e  suspected,  the  resaponjficatioii  Diust  be  conducted  under 
procure  with  iilcoholiu  aoda  of  double  normal  Mtren^th. 


lu  the  auulysis  uf  lubriciLtiug  oila  coiiaiiiting  of  a  mixture  of 
inincnil  oi\  and  fixed  oil,  it  is  iieually  sulficieut  to  determine  the 
sapontliable  oil  by  difference.  But  it  is  often  necessary  to  liberate 
the  fatty  acids  from  the  soap  solution,  in  order  to  identify  Ihe  liicd 
oil,  and  this  may  easily  be  done  quantitatively,  ^ving  a  number  froni 
which  the  percentage  of  liied  oil  can  be  calculated.  The  details  of 
manipulation  are  a  cofitinuatiou  of  the  process  for  determining  the 
total  nnsaponiltable  matter.     (E,  p.  224.) 

The  HMtp  solution,  which  has  been  freed  from  mineral  oil  and  other 
unsBponiliahle  matter  by  sliaking  three  nucoeBsive  tlniea  with  ether,  is  mixed 
with  the  firH  two  aqueous  waiihingg  of  the  mixed  ethereal  liquids  and 
Irealed  with  a  sufficient  excees  of  dilule  sulpliuric  acid  to  decompose  the 


soap  and  liberate  tlie  fatty  acids.    The  acid  liquid  in  mixed  with  50-70 
)t  elhet,  well  shaken  in  the  separoUir,  and,  after  allowing  sufficient ' ' 


for 


the  ether  to  rise,  the  aqueous  poiLion  is  drawn  off  intu  another  separator, 
wherv  it  ie  again  shaken  with  ether.  The  ethereal  liquids  are  mixed 
together  in  one  separator,  thorouchly  washed  by  iliakiug  six  times  with 
10  R.c.  of  pure  water  each  lime,  then  poured  int<)  a  (ared  flask,  ami  the 
lin]k  of  the  ether  distilled  off,  The  ttask  is  then  placed  on  the  top  of  the 
wa(«r-nvctt  and  heated,  until  all  water  and  ether  have  evaporated  and  the 
weight  remains  practically  constant. 

In  the  aliscDcc  from  the  original  nampleof  the  rolkiiving — 
Speitn  and  buttlenoee  oiU, 
PurfKnue  and  d"lphinjiiw  oite, 
Sluirk  liver  oU, 
Palm  nut  iind  coconut  ail». 
Wool  /at. 
Bloien  oiU, 
Soai^, 

FrenfatUi  a.-vlii, 

the  jicreciitagu  of  tatty  acids  obtained,  ^  (.1-957,  will  give,  approxi- 

loly,  the  percentage  of  fatty  oil  in  the  sample.  Fatty  acids  e 
iiig  ill  the  original  sample,  cither  in  the  free  state  or  as  soap,  must 
preriouHly  Iw  sejiankted  as  described  in  the  analysis  of  greusea  (p.  32tj). 
nntia  acidn.  If  present,  must  l>e  determined  by  Twitehell's  process 
(p,  23S)  and  the  amount  deducted. 
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It  the  saponifiRble  oil  cousist  eotirelj  of  blowu  rape  or  cottonseed 
oil  the  divisor  becomes  approximately  0'85  instead  of  0'957,  but 
special  wnahing  with  hot  water  ia  required  W  remove  the  soluble 
fntty  acids  (see  p.  237).  In  the  presence  of  sperm  oil  aiid  wool  tat 
the  problem  beoomes  more  complicated.  The  unsaponidable  matter 
ill  that  case  contains  wan  alcohols,  and  must  be  analysed  by  the 
ftcetyUtion  process  (p.  245). 

As  there  in  no  known  means  of  separating,  without  decompositaou, 
a  fixed  oil  or  fat  from  a  heavy  mineral  oil,  the  identification  ot  the 
lixcd  oil  ill  such  mixtures  depends  upon  the  identification  of  llie 
mixed  fatty  acids.  For  this  purpose,  the  following  determinations  are 
available  ; — 

1.  The  mdting-poiut  (table  on  p.  206). 

2.  The  ep.  gr.  at  ^,  C.  (table  on  p.  185). 

3.  Tlu)  io-iine  ealw  (table  on  p.  255). 

4.  The  saponifieaiion  or  neidralnalion  value. 

The  fatty  acids  used  for  the  determination  of  the  iodine  value  must  not 
have  become  oxidized,  otherwise  a  low  result  will  be  obtained.  ARet 
distilling  off  the  ether  the  flask  should,  therefore,  be  closed  by  meani  of  a 
cork  carrying  two  lubes,  in  order  that  a  current  of  dry  carbon  dioxide  gaa 
iiiay  be  poased  through  the  flask  while  heating  on  the  steam-bath. 

The  eaponification  or  neutral i ration  value  is  best  determined  in  the  same 
manner  as  the  saponification  value  of  an  oil  or  fat  (p.  221),  viz.— by  heat- 
ins  2'6  grnia.  with  approximately  scminormal  alcoholic  potash  in  ezces, 
ana  titrating  back  wiih  accurate  seminorma!  I^drochloric  acid.  Theo- 
retically, it  should  be  Bulhcient  to  dissolve  Cbc  fatly  acids  in  alcohol  and 
neutralize  with  standard  potash  soluilon  in  the  cold,  but  if  any  undecompoeed 
esters,  or  lactonee,  are  present,  a  low  rcaull  is  obtained  unless  the  potash  be 
in  excess  and  the  liquid  heated. 

In  the  absence  of  soluble  fatty  acids,  the  neutral isution  value  ot  the 
mixed  tatty  acids  multiplied  by  the  Mebuer  value  of  the  oil  will  give 
the  saponilication  value  ot  the  oil,  i.e.  the  neutralieation  value  x  0^37 
will  give,  approximately,  the  sapouiiicatiou  value  of  the  oil  or  fat 
from  which  the  fatty  acids  have  been  derived. 


H.— INSOLUBLE  FATTY  ACIDS  (HEHNER  VAllIE). 

The  process  for  dolermining  the  total  /ally  aeida  described  iu  the 
preceding  section  (p.  235}  is  based  upon  the  assumption  that  they 
are  entirely,  or  almost  entirely,  insoluble  in  water  and  non-volatile, 
and  such  is,  as  a  rule,  the  catse.  A  few  oils  and  fats,  however,  oontain 
a  oousiderable  proportion  ot  s-alulilc  and  volatile  fatty  acids,  notably 
cow's  butter,  dolphin  jaw  oil,  and  porpoise  jaw  oil.  In  such  cases,  the 
insoluble  acids  must  be  d-  '    ■!  by  a  special  process.     Uehner  was 

the  first  to  show  that  •  aof  insoluble  fatty  acids  contained 
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in  genuine  butter  fat  is  fairly  constant,  and  that  by  its  determination 
the  jidiilt«raticpn  of  butter  with  foreign  fdts  can  be  detected;  the 
percentage  of  insoluble  fatty  iic'i<l8  contained  in  an  oil  or  fat  is 
therefore  known  as  the  '  Hehner  valw.' 

It  has  been  showu^  that  the  changes  cauaod  by  'blowing'  oils 
include  a  partial  oonversion  of  the  insoluble  aoidH  into  soluble  and 
volatile  acids ;  the  presence,  tbercFore,  of  '  blown  '  oil  in  castor  oil 
would  be  indicated  by  a  reduction  of  tbe  percentage  of  ingolubte 
fatty  acids,  of  which  genuine  castor  oi]  contains  upwards  of  95 
per  cent. 

To  d«t«niiliia  ths  Hahner  valaa  of  a  fixed  oil  or  fat,  the  fatty  acids  mutit 
\k  wasbed  with  boiling  vratcr  until  the  washings  ore  no  lonf^er  acid. 
The  following  is  a  convenient  method  of  operating :-  Saponify  0  grmB.  of 
the  oil  with  olcuholic  soda,  as  directed  in  E,  L  (p.  226),  and  afl«r  sapiiiiitica- 
tirin  is  oomplete,  evaporate  to  dtynissi  over  a  steain-batli,  and  beat  to 
remove  alcoriol.  Dissolvu  the  soap  in  hot  water,  and  rinM  the  Boliition  into 
a  U-aker-llask,  tbe  total  volume  being  abont  2S0  cc  Liberate  the  fatty 
acids  with  dilute  sidphuric  acid,  allow  to  stand  on  the  steam-lath  until  the 
fatly  acids  have  melted  to  a  dear  lajer  upon  the  surface  of  the  liqnid,  then 
pour  ilie  whole  careful)]'  into  a  separating  funnel  previously  rinsed  with 
hot  water.  Support  the  separator  over  a  wet  filter  paper  contained  in  a 
jacketed  hot-waler  funnel,  and  allow  tbe  clear  liquid  to  run  into  tbe  filter 
Bi  a  sutiiciL-nt  tpecd  to  kuep  it  nearly  full  The  liltrate  sliould  be  bright. 
Do  not  allow  the  oily  layer  to  pass  on  to  the  filter,  but  return  it  to  the 
original  beaker-Saak,  and  having  added  about  ino-SOO  c,c.  of  boiling 
water,  tlwroiufhly  churn  tbe  fatty  acids  and  water  Logellier  by  circular 
agitation.  Allow  to  stand  again  until  the  acids  have  risen,  carefully 
decant  into  the  separator,  and  run  the  aqueous  portion  through  tbe  wet 
fUt«r  aa  before.  Repeat  Lbia  washing  five  tiniei  mnre.  but  collect  the  last 
waslnng  in  a  sejiarate  vetiset,  add  a  few  drops  of  phenol pbthalein  solution, 
and  find  how  much  decinurinal  soila  is  reqinred  to  produce  a  pink  colour- 
Make  a  similar  eiperiment  with  the  same  quantity  of  the  hot  distilled 
water  used  in  washing  the  tatty  acids.  If  practically  the  same  number  of 
dropd  are  required  in  both  ezperinu'Dts  (disregard  a  difference  of  one  or  two 
drops)  tbe  washing  is  complete.  When  this  is  the  case,  allow  the  insoluble 
fatty  acid  layer  to  pass  on  to  tbe  filter  paper,  and  let  tbe  water  drain  away  ; 
well  drain,  also  through  the  filter,  the  separator  and  tbe  beaker-flask.  So 
long  as  tbe  |ia|ier  reiuaius  thoronghly  wet  the  fatty  acids  will  not  run 
through  the  paper.  Transfer  the  wet  filter  paper  containing  the  fatty  acids 
Ui  a  dry  funnel  supported  over  a  small  weighed  beaker,  and  place  it  in  the 
wat«r-oven  uutil  toe  flll«r  has  dried  and  tbe  greater  ]iart  of  tbe  fatty 
acids  liave  drained  through  into  the  beaker.  Then  place  the  funnel  contain- 
ing the  oily  fdter  paper  over  a  weighed  Haak,  and  when  cold,  thoroughly 
wash  the  paper  with  ether,  allowing  the  latter  to  run  into  tbe  ftask,  also  rinse 
ihc  leparating  funnel  and  the  beaker-flask  *  with  ether,  jMuaing  the  liquid 
through  tlie  same  filler  paper.  Then  distil  off  the  ether,  and  heat  both  the 
Bosk  and  the  small  beaker  until  constant  in  weight.  Deduct  llie  weights  of 
the  two  vessels,  and  the  difference  is  the  weight  of  the  insoluble  fatly  acids. 

In  Iht  pretence  of  hydroearbont  or  viaxa,  the  snap  solution  obtained  by 
saponification  must  first  lie  extracted  with  ether,  as  described  in  E,  I.  (p,  236), 

>  Sm  II.  1:22. 

*  Thus*  DWj  Ik  [irovioosly  dried  by  placing  tbsra  on  ths  watsr.aven,  or  Uiay 
oon  tw  rinsHl  with  ether  wmlt  wet. 
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then  poTiFRrl  inf/>  a  haniTi,  ;:i(ently  heated  over  a  -fteun-hstlu  with  a  *TawwT  m. 
the  haflin,  t/)  ftxpel  the  HiMolveid  ether,  choronghly  boiled  to  eTapozase  tiie 
alcohol,  and  ihen  arirlitlerl  and  treated  an  described  aboTe. 

QiiaUtatlv«  FrcparafeUm  of  Tnwilnhto  Fatty  and  Biata  Acida. — If  Lc  be  re- 
quired twcTf'.W  to  prepare  the  initnlnble  Catty  and  miiin  adds,  wichcnit  "**^^^? 
a  quantitative  derermi nation,  the  following  method  may  be  emplciyed : — 
Saponify  in  a  hafiin.  by  thomngh  boiling  with  alcoholic  soda,  a  rmudily 
weigher!  quantity  of  the  oil,  .mtficient  to  give  rather  more  than  the  reqmzed 

?uantity  of  fatry  anidfl,  nning  for  every  5  gmiB.  of  f^il  2  gnna.  of  oanittic  joda 
( (\.r,.  of  a  50  per  '^ent.  solution).  Diinolve  the  soap  in  boiling  wato;  and 
boil  until  almhol  Ib  expelled.  Add  ^mfficient  dilute  aolphniic  add  so 
liberate  the  fatty  a^^idi^,  ^ntly  boil  until  they  form  a  clear  layer  on  the 
flurfare  of  the  liquid,  then,  by  meanfl  of  a  large  pipette  with  a  flexible 
mouthpi**^^,  draw  ofT  the  watery  fluid.  Boil  the  ratty  acids  in  the  fauin 
several  times  with  wati^r,  drawing  off  the  water  with  the  pipette  each  riTno. 
then  pour  them  on  to  a  wet  filu^r  (*/)ntained,  if  necessary  (ue.  if  the  iaxrr 
acids  have  a  high  melting-point),  in  a  hot-water  funnel,  ami  wash  with,  boil- 
ing water  imtif  the  wanhinga  are  practically  neutral  to  litmus  or  phoiol- 
phthalein.  Pierce  the  filter,  collef.t  the  acicU  in  a  dry  beaker,  and  heit  in 
the  water-oven  until  quite  clear  and  free  from  visible  water. 

Table  LXff.  contains  the  Hehner  values  of  most  oils  and  fafis 
which  are  likely  to  occur  in  lubricants. 


I— DETESMDTATIOV  OF  BOSDT  (GOLOPHOHY). 

The  fatty  acid.s  obtained  by  either  of  the  processes  described  in 
sections  O  and  If  include  the  rrjsin  acids,  if  rosin  be  present.  If  a 
determination  of  the  rosin  \>e  desired,  Twitchell's  process  ^  is  the  best 
to  arlopt.  It  df;]:>ends  upon  the  fact  that  when  a  solution  of  fatty  acids 
in  abs<'>lute  alcohol  is  saturated  with  hydrochloric  acid  gas  the  ethyl 
esters  of  fatty  futuU  are  formed.  Kosin  acids  similarly  treated  in  the 
cold  are  practically  unacterl  upon,  and  can  be  separated  from  the 
esters  by  treatment  with  weak  caustic  soda  solution  in  the  cold, 
which  dissolves  the  rosin  acids,  the  esters  remaining  insoluble.  The 
details  of  the  prr>cess  are  as  follow  : — 

From  2  U*  3  grins,  of  the  melted  mixture  of  fatty  and  rosin  acids  are 
poure^l  iiit^')  a  dry  tarerl  conical  flask  of  about  8  ozs.  capacity,  and,  when 
cold,  the  weight  in  accurately  ascertained.  The  acids  are  dissolved  in 
alHw>lute  ethyl  alcohf)!,^  using  10  c.c.  for  every  gramme  of  acids,  and  dry 
hydrochloric  a<nd  ga>i,  in  a  moderate  stream,  is  passed  through  the  solution 
imtil  saturate!,  the  flask  bein^  kept  quite  cold  oy  immersion  in  a  basin  of 
cold  water.'  The  hydrochlr»ric  acid  gas  may  l>e  prepared  in  a  dry  state  by 
acting  u(K)n  lump  of  fused  salt  with  concentrated  sulphuric  acid,  and  may 
then  be  ])asse<l  direct  into  the  liquid.     The  gas  is  rapidly  absorbed,  and  the 

»  Jour.  Sor.  Chem.  Ind.,  x.  (1891),  p.  804. 

'  Mfithyl  ftlrohol  is  said  to  give  lower  results  than  ethyl  alcohol. 

*  Evans  and  Black  recommend  the  use  of  a  tall  cylinder  surronnded  by  ioed 
water.  Teni{iorature  muHt  not  rise  above  20*  C,  nor  must  the  stream  of  hydro- 
ohlorio  acid  he  too  rapir] ;  otherwise  low  results  are  obtained.  Jour,  Soc,  Chsm, 
Ind.,  xiv.  (1896),  p.  689  ;  also  ^t.-'— '  *x.  (1896),  p.  60. 
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SMMOlOUorFrt. 

Bdiiier  Vulua. 
ruty  Addi. 

and  fate,  except  wool  fat,         ... 

FJm  nul  oil 

Coconut  oil. 

Marine  animal  aih,  except  epenn  nod  nhark 
liver,  but  including  porpoise  bodv  and 
dolphin  body  mK 

Porpoise  jaw  oil,. 

Dolphin  jaw  oil. 

Blown  fape  oil, 

„      linseed  oil, 

„       seal  oil, 

t                  95-97 

f      Average  about  96-7 

91'1 

83-8-90'n 

\             92-8-95-5 

1      Average  about  94-1 

68--1  and  72' 1 

66-3 

84-7 

88-7 
73'4 

*  Fox  &nd  Baynea  ;  mean  results. 

eaten  scpante  in  oily  drops.  When  the  alcoholic  liquid  ia  saturated 
(from  30-45  minntei  are  required),  the  Rask  is  allowed  to  stand  about  balf 
an  hourlonger  to  ensure  complete  e«terificalion.  It  mnst  not«tandtoolong, 
otiienrise  low  reBolts  are  obtained.  The  liquid  i»  then  diluted  with  about 
five  tiiueB  ila  vcjuine  of  boiling  water,  and  tieated  on  the  steam-bath  until 
some  of  the  alcohol  liaa  evaporated  and  the  esters,  with  the  rosin  acids  in 
lolution,  form  a  clear  layer  upon  tbe  surface.  The  contents  of  ihe  flask  are 
pOUKd  into  a  wparotinc  funnel,  and  Ihe  Siisk  a*  well  as  the  gas  delivery 
cube  are  rinsed  with  ether,  which  is  poured  into  the  separator,  About  50 
C.C  more  ether  are  added,  the  contents  of  the  separator  are  cooled,  well 
ihaken,  and  allowed  to  stand  for  the  ether  to  rise.  The  acid  liquid  isdrawn 
olTintu  another  sejiarator  and  shaken  again  with  a  little  ether,  which  is 
added  to  the  firtt,  and  ilie  ethereal  solution  is  then  washed  once  with  about 
10  C.C.  of  cold  water,  which  is  drawn  oiF.  It  is  then  shaken  in  the  funnel 
with  50  C.C.  of  dilute  caustic  soda  solution  containing  10  grin,  of  caustic 
soda  and  10  c.c,  of  alcohol  in  100  c.c,  by  which  the  rosin  acids  are  im- 
mediately sauonilied  and  disaolved.  After  drawing  off  the  alkaline  liquid 
into  a  aecooil  separator,  the  ethereal  solution  is  again  shaken  with  about  SO 
C.C.  mote  of  the  weak  soda  solution,  which  is  addMl  to  the  first,  and  the  whole 
is  then  decomposed  witli  dilute  sulphuric  acid  and  shaken  with  ether  to 
disaolve  the  liberated  rosin  acids.  The  ethereal  solution,  after  washing 
Mveral  timet  with  small  quantities  of  cold  water,  is  run  through  a  drr  Alter 
paper  into  a  weighed  tiask,  the  ether  is  evaporated,  and  the  residual  rosin 
acids  are  heated  in  the  waler-oven  until  constant  in  weight.  They  should 
be  quiUj  hard  and  brittle.  The  weight  obtained,  uiultiplied  by  ]00  and 
divided  by  the  weight  of  mixed  acids  taken,  gives  the  percentage  of  rosin 


Lewkowitachi'  who  luu  extensively  investigated  this  proecss,  finds 

that   the  amotuit  of   roaiii  acids  generally  falla  abort  of  the  tniih. 

'  JoUT.  net.  Chmi.  Ind.,  xiL  (ISSaj,  p.  nos. 
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*•  u'A'r.ej  ;/,  ■  .*    J  li:  V  mly^hnr**  will  inrt  Ti^nlLea 


utymM 


H/    .- 


r:r«T»    r 


rv!«-  -Iv 


'nnrtin/^iikk  ':b£  tJJTiT.ig-  tr^ni   vv^ 


TyM  lUrk^h^rt  M>4miI  frvM^M. — ft^ehar:^  ^meem  baa  indeKziaiv 

f>/-»^i/^i  .^  /Ar>''ir;«il/  '^ff'^y'^t^  vith  fi  mixoiire  of  '^anacu  joila  silicon 
/tf./!  /I/'i^rol  ff^fff/^n^n  ar.rj  f>:ttnK),  by  vhich  di«  evaovjnusim  if 
ti/'/ffri/ri  M  ?i'/ov\M  .  Aj;</r  .'^  yrnr»«,  ^*f  fat  are  iw«i  inateaii  .>f  i'5  z^rm^ 
//f//»/W;,  Ky  Tvhi./h  KK*^,  v^lurn^  of  j^tAndari  auiiil  oaeii  zn  nmziM 
i/  ri^firl'/,  ^/»l^.  f»/»t  'jiut/-,  'I/^wMM.  Thw  prrjcem,  which  is  'ihieij 
iM''f»»l  Iff  f.h/".  ftriftl/!*^  of  Kiitf-/!/,  \a  r^imfid  in  the  muItss  of  inch 
lii^riMinU  AM  ff'^ff'M^^:  oil  ;  it  rr»;ky  A!.4r>  find  occaivioaal  applie&Qon  in 
f,K/'  /|/fy./'f,i/^f  of  Movvri  o»U,     Th^j  followinj^  reagents  are  required  : — 

I  ///////////  AV//i.  M>i^l^  Ky  unx'thf/  t/0^^YtfT  30  co.  of  aqueoos  eanscic  sodft 
■'fl'fh/^i,  f  otfhttutttf/f  f/f  ^rikrrirri«<^  Va»>ff  in  KX»  <!./*..,  and  170  cc  of  pore  con- 
/•/•nfrnl/'/l  ^ly/^^'fin.     Thin  rt'J^/ft'ttt  \n  k^fA  in  A  >x>ttle  flcwed  with  a  rubber 

'4.  iHtfih  Hutjihurir  A  fit/.  JKi  c.c.  of  pure  r/jnofntratecl  sulphuric  icid 
'liliil#»l  with  Hi«fni*"l  wuUt  til  HKM'.  r. 

'  nnf«h»iiiih.  /'A///».  /#//.,  I«M«I,  xi),  p  |h;J;  xiv.  p.  216;  xx,  p.  817;  Jvur. 
Vmi  /'/M-Mf  /ntt  f\\.  (IMMA;.  p|i  '/HM  mid  n4H.  IM, /otir.  >4m^.  0%«»».  .SSiV., 
ttl    (I"**!),  p.  «7M|  .Am//.  S»f.   (Ihrm.  fmf,,  xiv.  (18»6),  p.  197. 

"  tifitt  f.   Aivtl.  rhfim  ,  Rvlii.  p.  im. 

**  fiff  M  full  titMMiiitil,  Nni«  Mlt*liiti(iiifl,  ^itnfynt,  xrii.  (1892),  p.  171. 
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3.  tkeirurrmat  Sutphurie  Add,  accuratelv  etAndaHiiied. 

4.  CSiiuii'^  Sorfa  Suiuhonot  approximntely  decinormal  Btrength.    A  10.  c.  , 
pipeLLvfiil  of  IhiB  solulioa  must  be  tinted  with  phennlplitnitlein  And  the  | 
strenffih  determined  by  titration  witli  the  decinunnal  sulpliitric  acid. 

5.  FKeiiolpl<t)uil<sin  Sclatitm.     (Seep.  316.) 

To  Jtlermirm   the   Rekhert-Mtitd   valw:,  a  dry  conical  floak  of   300   r 
capacity  is  counterpalsed  on  the  balance.     Aa  nearly  as  possible  5  grms.  of  fl 
the  oil  or  melted  fat  are  dropped  into  the  flask  and  the  exact  weight  taken  I 
(in  the  caee  of   a  melted  fat  after  becoming  quite   cold).     SO   e.c.   of   thfrfl 
glycerol-soda  are  addwl,  and  the  Rask  is  heated   over  an   Argand-Bunsea  J 
flamtt  turned  rather  low.    The  liquid  will  foam,  and  to  control  this  and  1 
liwleu  the  operation  the  flask  ie  frequently  ^tst^.     Heating  and  a^talion   ' 
are  continnea  nntil  practically  all  the  water  has  been  driven  off,  which  will 
lake  about  t«n  minntea  ;  saponification  will  then  be  complete,  and  the  flask 
is  withdrawn  from  the  floiue  and  the  soap  dissolved  by  addiue  135  c.c.  of 
cold  water.    The  fir»t  portions  of  water  snoidd  lie  added  drop  by  drop,  and  . 
the  flask  shaken  between  each  addition  to  avoid  violent  foaming.     >Vlven  J 
the  soap  is  dissolved,  5  c.c,  of  the  dilute  sulphuric  acid  are  added,  a  few  1 
small  fragments  of  pumice  are  dropped  in,  and  the  liquid  is  distilled  until] 
1 10  c.c  have  been  collected.    The  tube  connecting  the  Bask  lo  the  condenser  | 
should  have  a  large  bulb  to  arrest  the  splashings  and  return  them  to  the 
flask.     The  condensing  tube  should  be  of  glass,  and  the  rate  of  distillation 
such  that  the  aliove  amount  of  distillate  is  collected  in  ab^tnt  thirty  minutes. 

The  whole  of  the  distillate,  if  clear,  is  raised  with  about  0-6  cc  of 
plienolphtholein  solution,  and  as  many  10  cc  pipettefuls  of  the  standard 
caustic  soda  solution  are  added  as  are  requii«d  to  produce  a  strong  crimson 
uoloration  ;  the  liquid  is  then  carefully  titrsted  with  decinormal  sulphuric 
acid  until  the  crimson  colour  is  just  discharged. 

The  distillate,  if  not  clear,  i«  passed  through  a  dry  ribbed  filter,  and 
100  c.c.  of  the  clenr  KlLrale  are  titrated  ;  in  this  case,  the  volume  of  deci- 
nonnol  »x\n  nentmllxed  is  incntosed  by  one-tenth. 

A  blank  distillation  must  be  made  lo  determine  the  amount  of  decinormal 
soda  rsauired  by  the  matemlit  employed  ;  with  a  good  quality  of  glycerin 
this  will  not  eitved  0'5  c.c 


i  grnis,  of  blown  njie  oil  gave  1 10  cc  of  distillate,  which  was  Hltered, 
3  cc.  of  the  filtrate  were  mixed  with  10  c.c  of  standard  caustic  soda  solu- 
n,  and  *-76  c.c.  of  decinormal  HjSO,  were  required  for  neutralization. 

10  cc  of  standard  soda  required,  9-78  c.c.  :^  H^SO, 


Difference  =  volume    of   decinormal   nlkali  ( 
required  for  100  cc  of  distillate,      .  i 

.-.  Volnmerwiuintl  for  llOc.c,  , 
Deduct  for  blank  experiment, 
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This  process  is  used  most  extensively  in  the  analysis  of  butter  fiat^^ 
5  gnus,  of  which,  when  genuine,  usually  yield  a  distillate  reqainxig 
from  24  to  34  c.c.  of  decinormal  alkali.  Results  obtained  wiUi  othor 
oils  are  given  in  Table  LXIII. 


Table  LXIII. 


DMorlpUon  of  Oil,  etc. 


Olive  oil,    . 

Haiel  nut  oil,     . 

Arachis  (earthnut)  oil. 

Castor  oil,  . 

Croton  oil. 

Coconut  oil. 

Palm  nut  oil. 

Palm  oil,    . 

Rape  oil,    . 

Curcas  oil. . 

Cottonseea  oil,    . 

Se8am6  oil. 

Maize  oil,  . 

Linseed  oil, 

Popnyseed  oil,    . 

Sunflower  oil. 

Tallow,      . 

Lard, . 

Horse  fat,  . 

S|)cnu  oil, . 

Porpoise  jaw  oil  (skimmed  and 

strained), 
Pi^rpoise  jaw  oil  (unstrained). 
Dolphin  iaw  oil  (skimmed  and 

strained), 
Porpoise  body  oil. 
Dolphin  body  oil. 
Whale  oil,  . 
Seal  oil. 

Cod-liver  oil,      . 
Menhaden  oil,    . 
Wool  fat  (crude), 
Blo^Ti  East  India  rape  oil, 
ravison  oil, 
cottonseed  oil, . 


Seichert  Value 

SCO.  of  N/IO  AUuOl 

required  for  2*6  grmi. 


0-3 


1-4 


3-5 

-  3-7 

2-4 

0-5 

-  0-8 

00 

-  0-8 

0-3 

•  •  ■ 

0-35 

(2-2) 

0-33-  4-3 

0-25 

0-3  -  0-4 
1-3  -  1-4 

47-8  -560 
2-1 

65-9 
11-12 
5-6 

0-7  -12-5 
007-  0-22 
0-2  (11-2-1) 
1-2 


Reicheri-Meial  Yatae 
=c.c.  of  NAG  Alkali 
required  for  6 


0-45-  1-5 
0*99 

0^-1-6 
11  -  4-0 
121  -13-6 
6-7  -  8-4 
5-0  -  6-8 
0-7  -  1-9 
0-0  -  0-8 
0-28-  0-66 
0-95 
1-2 


0-0 
0-0 
0-5 
1-0 
0-0 
1-6 


131-6 


0-9 
0-6 

1-2 
11 
21 


46-9 


01  -  0-4 

•  •  * 

6-5 

5-26-  8-8 
5-43 
7-06 


*  The  standard  method  adopted  by  a  Joint  Committee  of  the  Govemmcnt 
Laboratory  and  the  Society  of  Publio  Analysts  for  the  analysis  of  butter-fat  is  a 
modification  known  as  the  Reiobert-Wollny  Process.  (See  the  AnalviL  1900. 
309.)  w^  f 


■i 
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It  will  be  seen  that  tlie  process  is  chiefly  of  value  i»  the  atialyeiB  of 
(besides  butter  fat)  purpuisc  aud  dolphin  oik  and  urotoii  oil.  It  would 
not  be  of  much  service  for  the  detection  of  blown  oils,  Tuilena  these 
were  present  in  large  quantity. 


K.— AOETTLATION  TEST  (THE  ACETYL  VALUE). 

The  action  of  acetic  anhydride  (acetyl  oxide)  upon  aleohoJs  and 
hydroxyIat«d  fatty  acids  is  applied  in  the  analysis  of  lubricants  both 
in  the  examination  of  uusaponifiable  matter  containing  or  Buspeetcd  to 
contain  wax  alcohols,  and  also  in  the  analysis  of  cantor  oil. 

I.  Acetylation  of  Alcohote. — When  the  alcohols  are  heated  with 
acetic  anhydride  they  are  converted  into  acetates  (esters),  the  hydrogen 
of  their  hydioxyl  group  or  groups  being  replaced  by  acetyl,  C^H^O. 
Thus,  in  the  case  of  cetyl  alcohol  (from  spermaceti)  the  following 
reafitiou  takes  place  : — 


C,(H«OH    +    (CjH^O)jO    = 

CiflH^O.CjHsO   +  CjH.Oa 

Cetjrl  klcohol         Aeatio  uibydrido 

CstrlMeM*                 AMUcxHd 

Glycerol,  CjHj(0H)3,  is  similarly  converted  into  tri-acetin 
CjHjlOCjHjO)^  but  this  reaction  does  not  interest  us  here,  since 
gylcerol  does  not  occur  in  the  '  unsaponitiahle  matter.'  Hydrocarbons 
are  unacted  upon.  In  the  case  of  the  monohydric  alcohols,  cholesterol, 
and  phytosterol,  the  esters  formed  are  crystalline  bodies,  iusoluble  in 
water,  which  can  be  washed  free  from  acetic  acid  and  weighed.  The 
saponification  values  of  these  esters  are  characteristic,  and  afford  a 
means  of  identifying  the  waxes,  as  welt  as  a  method  of  determining 
the  proportion  of  a  single  known  waj,  such  as  sperm  oil  or  wool  fat, 
in  a  mixture  containing  hydrocarbons.  The  process  is  carried  out  as 
follows : — 


tnh^ride  in  a  small  flask  under  a  reflux  conde 
half  an  hour.  If  the  yield  of  acetates  is  to  be  deterniiued,  the  weight  of  the 
substance  taken  muBt  be  eiactly  known,  and  the  flask  must  also  be  lared. 
1  cc  of  acetic  anhydride  per  gnn.  of  substance  ia  atifficient,  but  if  the 
avaUable  weight  of  subslance  be  small,  2  c.c.  per  grm.  inajr  be  used  in  order 
to  give  a  sufHcient  qusntit;^  of  liquid  to  boil,  lithe  unsajionitiable  matter 
consist  chiefly  of  alcohols,  it  will  dissolve  completely  in  the  hoi  liquid  ;  but 
if  a  considerable  proportion  of  hydrocarbons  are  present,  they  wilt  float  on 
the  liquid,  and  mav  ^ve  rise  to  explosive  ebvlhtion  ;  in  tbi$  ease,  a  few 
small  fragmenla  of  ignited  pumice  stone  should  be  dropped  into  the  flask. 
im  .      ......    J  ^^  ji^^g  ^j.g  jj^jjj  diluted  with  boilii  "      "  >  >     ■ 


The  contents  of  the  flask  are  next  diluted  with  boiling  water  and  heated 
over  the  steani-l^atli,  with  frequent  agitation,  for  a  few  minutes,  in  order  to 
convert  the  unchanged  acetic  anhydride  into  acetic  acid,  whiali  distiolves  in 
the  water,  and  to  allow  the  esters,  l<:gelher  with  hydrocarbons  if  [iresent,  to 
rise  and  float  upon  the  surface  as  an  oily  layer.  The  hot  liq\iid  is  na* 
poiin^  upon  a  wet  filter,  and  if  it  be  desired  to  ascertain  tba  wc\^\\\:  lA  "Ct 


I 

I 

1 


244 


LCTBnCATI05  ABID  LC^DCAnS. 


acetyUtiid  prndiirrt  the  lU^k  is  thoroii^j  riB«cd  on  to  tke  filer 
«|uarilitii;»  td  UjHiug  water,  antfl  free  frooi  acetic  acid     ~ 
in  th«  water-<iveri  to  drj.    The  oflj  lir|aid  in  the  filter  i»  thotw^gMy 
with  l>r filing  water   11  n til   the  wadnngi  are  perfccdj  1      ~    ' 
filler  in  tiien  place'l  in  a  dry  funnel  orer  the  flbsk  in  the 
the  acifJi  liave  nm  throngbJ    The  oil  absorbed  bj  the  filter 
cftoVun;)  rinited   into  the  flask  with  ether  (or  w&h  bofliiig 
myncyl  alcohol  is  prei^ent),  the  solvent  is  eraponted  ofl^  and 
weighed  *umMAUi,    The  saponification  Talne  is  then  detennined  in 
way  on  2*5  gniiA..  or  tlie  whole  quantity  may  be  nsed  if  not  ex< 
to  3  grrim.  in  weight. 


K( 


if 


.1 


Table  LXIV.  coiitaiim  the  re8ult8  obtained  bv  treatiiig  in  this 
way  the  iiiiHiiponifiable  matter  (mixed  alcohols)  from  sperm  oil, 
W(N)]  fat,  l>e(.>8wax,  and  camauba  wax  ;  also  the  results  thecveticallT 
yiehled  by  Home  alcohols  known  to  occur  in  fats  and 


1 
t 


Taiii.k  LX I V^— Results  op  the  Acettlation  op  Alcoholb. 


I  ■ 


• 


Alcohol. 


Kormnlt. 


(^ayl.   . 

()(!ta<locyl, 
(Vryl,    . 
Myricyl, 
(/holoHterol, 
lMiyt<wU^roI 


(J,„H,,OH 


('     If 


OH 


PormnU  of  Acetate. 


C„H„O.C,H,0 
0„H3,0.C,H,0 
C^  11^0.021130 

C^H^jO.CjHjO 


Uniaponiflabltt  Matter  (Mixed 
AloohoU,  etc.)»  fr»ni 


SiKjrni  oil, 
WtM)l  f/it  (crude),    . 
„         (neutral),* 

»i  »         '        • 

IkMSAwax, 

„        (auother  sain])Ie), 

(>arnaul)ii  wax, 

Cholt»Hteri)l  (pure),  J 


Tieklof 

Acetate  per 

100pU.of 

Aleobol 

(Theocy). 


117-35 
115-55 
110-61 
109-59 

11129 


raise  of 
Loetatc, 
er  cent. 
(Theoey). 


19-76 
17-99 
12-81 
11-69 

13-56 


Yield  of 
Mixed  Acetates 

percent. 
(ExperlmentX 


115-71 

112-21 

112-7 

108-3  (?) 

106-46 

107-62 

11017 


Saponification 
Value  of 

Mixed  Acetates 
percent. 

(ExperimentX 


18-55 
16-06 
15-63 
15-32 
9-84 
10-25 
12-14 
13-49 


•  LewkowitHcli,  Jour.  Soc,  Chttn.  Ind.,  xi.  (189'2),  ji.  188. 
I  Ibid,,  XV.  (1896),  p.  14.  :  Ibid.,  xi.  (189*2),  p.  143. 
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The  alcohols  of  sperm  oil  are  unknown ;  according  to  Lewkowitsch 
they  belong  for  the  most  part,  if  not  wholly,  to  the  ethylene  series. 
The  alcohols  of  wool  fat  are  also  partly  unknown,  but  cholesterol  and 
isocholesterol  occur  in  them  to  a  large  extent,  and  ceiyl  alcohol  also 
is  present.  Myricyl  alcohol  is  the  chief  part  of  the  unsaponifiable 
matters  from  camauba  wax  and  beeswax  ;  in  the  latter,  hydrocarbons 
occur  to  the  extent  of  15-17  per  cent.,  which  accounts  for  the  low 
saponification  value  of  the  acetylated  product.  Cetyl  palmitate  is 
the  chief  constituent  of  spermaceti,  in  which  octadecyl  alcohol  also 
occurs. 

Analysis  of  Mixtures  contaimng  Sperm  Oil  or  Wool  Fat  and 
Mineral  Oil. — (a)  When  a  mixture  containing  speim  oil  or  wool  fat 
and  mineral  oil  is  saponified,  the  unsaponifiable  matter  extracted  from 
the  soap  solution  by  ether  contains  the  whole  of  the  mineral  oil 
together  with  the  mixed  alcohols  of  the  wax,  and  in  order  t.o  determine 
the  percentage  of  mineral  oil  directly,  the  alcohols  must  be  separated. 
No  satisfactory  method  of  doing  this  has  yet  been  proposed.  Both 
ordinary  alcohol  and  acetic  anhydride,  even  in  the  cold,  dissolve  not 
only  the  wax  alcohols  but  also  some  of  the  mineral  oil,  and  therefore 
the  methods  described  by  Horn  ^  and  Lobry  de  Bruyn  '-^  are  not 
trustworthy. 

(b)  The  percentage  of  sperm  oil  in  a  mixture  containing  nothing 
else  except  mineral  oil  could  easily  be  calculated,  with  approximate 
accuracy,  from  the  saponification  value  of  the  mixture ;  but  when  a 
second,  perhaps  unknown,  fatty  oil  is  present,  this  method  is  not 
available.  Assuming  that  the  third  constituent  of  the  mixture  is  not 
another  wax  such  as  wool  fat,  or  a  liver  oil,  containing  much  cholesterol, 
the  problem  can  be  solved  by  determining  the  percentage  of  total 
unsaponifiable  matter,  acetylating  it,  and  determinhig  the  saponifica- 
tion value  of  the  acetylated  product.  Taking  the  numbers  for  sperm 
oil  given  in  the  table  above,  and  38  as  the  percentage  of  mixed 
alcohols  formed  by  the  saponification,  the  percentages  of  mineral  oil 
and  sperm  oil  in  the  mixture  can  be  calculated  as  follows  : — 

Let  X  =  the  percentage  of  total  unsaponifiable  matter  yielded 
by  the  sample. 

„    y  =  the  percentage  of  KOH  required  for  the  saponification 
of  the  acetylated  product. 

mt  gxyxlOO    _the  percentage  of  mixed  alcohols  (o)  yielded  by 

*  18-66X 116-71        the  sample. 

x-a        =  the  percentage  of  mineral  oil 

'        =the  percentage  of  sperm  oiL 


38 


1  Jour.  Soc  Chem.  Ifui,,  vii  (1888),  p.  696. 
*  Ilrid,,  xiii.  (1894),  p.  486. 
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To'test  the  method,  two  mixtores  of  sjpenn  oil  and  '885 '  p^Ie  mineral  oil 
were  prepared  and  anal jwd  with  the  foUowing  resnltB : — 

1.  Mixture  containing  8  parU  tperm  oU  and  1  fort  wmneral  otZ. 

Weight  taken  ;  5  grma.  Fto-  ve^L 

Umaponifiable  matter  obtained,  2*9706  grms.  =    59*41 


Saponification  Talne  of  the  1  ^wwt ..—  ^«» 
icetyUted  product,  |  »^  per  «nt. 


59-41  X  9-05x100 
18-55  X  115-76 


=    15-01 


Mineral  oil  found,         S4*37 
„         taken,         33*33 

2.  Mixture  containing  2  parts  mineral  oil  and  1  part  sperm  oiL 


Weight  taken  ;  5  grms.  ** 

Unsaponifiable  matter  obtained,  3*9892  gnuB.  =    79*78 

Saponification  value  of  the  \  o.4t  ,w.-  ^«» 
icetylated  product,  1 3  47  per  cent. 


79  78X  3-47 j<  100 
18*55  X  115*76 


=    12-89 


Mineral  oil  found,         66*89 
„         token,         66*66 

Buisine's  process  for  determining  hydrocarbons  in  beeswax,  which  oonaists 
of  heating  the  wax  with  potash-lime  to  250**  C,  whereby  the  wax  aJoohola 
are  converted  into  fatty  acids  and  soaps,  from  which  the  unchanged  hydro- 
carbons can  be  extracted  by  means  of  ether,'  would  be  applicable  to  a 
mixture  of  sperm  oil  and  mineral  oil,  but  not  to  a  mixture  containing  wool 
fat  or  cholesterol,  since  the  latter  remains  practically  unchanged  (see 
Lewkowitsch,  Jour,  Soc.  Chem.  Ind.,  1896,  p.  14). 


II.  Acetylation  of  Hydroxylated  Fatty  Adds  and  Glycerides. 

Determination  of  the  Acetyl  Value. — The  action  of  acetic  an- 
hydride on  hydroxylated  fatty  acids  is  similar  to  its  action  upon 
alcohols,  the  hydrogen  of  the  alcoholic  hydroxyl  group  or  groups 
being  replaced  by  acetyl.     Thus : — 

C,7H32(OH)COOH  -h  (C2H30)20  =  Ci7Hg2(O.C2H30)COOH  +  C,H^O, 

Ricinoleic  acid         Acetic  anhydride  Acetylricinoleic  acid  AoeUc  add 

Benedikt  and  Ulzer,  believing  that  those  fatty  acids  which  contain 
no  alcoholic  hydroxyl,  such  as  stearic,  oleic,  and  all  the  more 
commonly  occurring  fatty  acids,  are  unacted  on  by  acetic  anhydride, 
proposed  the  following  method  for  the  valuation  of  castor  oil : — 

^  See  Lewkowitsch,  Chem,  Technology,  etc.,  3rd  edition,  p.  880. 
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Bcnedikt'i  Mcthod.~A})o\il  20  grma.  of  the  iiiHoluble  fatly  acids,  prepared 
M  directed  on  p.  23B,  ace  boiled  with  an  equal  volume  of  acetic  anhydride 
for  two  hours  m  a  flaab  connected  to  a  reSuE  condenser.  The  contents 
of  the  flmk  are  poured  Into  a  Jena  gloss  beaker  of  1  litre  capacity 
and  diluted  with  abuut  SIX)  cc.  of  boiling  water ;  the  beaker  is  then 

{laced  on  a  thin  disc  of  asbestos  millboard,  and  the  liquid  is  boiled 
riskly  for  half  an  hour  with  a  cover  on  the  beaker.  To  prevent  explosive 
ebullition,  a  slow  current  of  carbon  dioxide  is  conducted  through  the  liquid 

u.. r  __:._.  _c  ^. jgj,  juj^  reaching  nearly  to  the  bottom  of 

'e  allowed  to  separate,  the  aqueous  liquid 
ifl  aipboned  off,  and  the  oily  layer  is  again  boiled  with  water.  After  boiling 
in  this  way  with  three  Kicceisive  quantities  of  water,  the  oil  is  poured  on  to 
a  wet  filter  and  washed  with  boiling  water  until  the  washings  are  neutral. 
The  filter  containing  the  acetylated  acids  is  then  removed  to  a  dry  funnel, 
which  is  placed  in  the  water-oven  over  a  dry  beaker  and  left  until  the  acids 
have  run  through. 

2'5  arms,  of  the  dry  acetylated  acids  thus  prepared  are  weighed  into  a 
small  Uask,  dieaolved  in  about  10  c.c,  of  neutralized  rectified  alcohol,  mixed 
with  a  tew  drops  of  phenolphthalein  solution,  and  very  carefully  titrated  with 
seminormal  alcoholic  potash  added  from  a  burette  until  the  liquid  is  coloured 
faintlypink.  Theexact  volume  of  potash  solution  iieeil  having  been  read  otF 
and  recorded,  about  twice  as  much  more  is  run  into  the  nash  from  the 
burette,  and  the  Saakis  then  corked  and  boiled  under  an  inverted  condenser 
for  one  hour'  ;  the  excess  of  potash  is  then  determined  by  titration  with 
seminormal  hydrochloric  acid,  exactly  as  in  determining  the  saponi6cation 
value.     The  potaah  solution  is  standardized  with  the  some  acid. 

On  the  first  neutralization  with  potash  in  the  cold,  the  following  reaction 
takes  place ; — 

C„U^0.05H30)COOH  + 

Acetrl-rtelnolelo  Held 

The  percentage  of  potaah  required  for  this  reaction  was  called  by  Benedikt 
the  actlyl  acid  value. 

By  adding  more  potaah  and  heating,  saponification  occurs,  thus  :^ 
a„H3j(O.C;HjO)COOK  +  KOH  =  C„Hj;(OH)COOK  +   KC,HA 

Fotinlum  simtil-iictnalcKte  Pntaiiiuw  riclnuleitB       Potuitum  iceUte 

the  percentage  of  [lolaah  required  [or  this  reaction  U  called  the  acetyl  valite. 

EXAUPLB. 

2'&  gtms.  of  the  acetylated  fatty  acids  from  a  sample  of  castor  oil  required 
13-22  C.C.  N/3  KOH  tor  neutralization.  13-22  x  O-026i]7  =  O'37n  grm.  KOH 
required  for 2*5 grms.  =  1484 grms.  KOH  for  100 grms, ;  therefore,  the  acetyl 
aetd  value  was  14'84. 

2e-23  cc.  more  N/B  KOH  were  added,  and  after  boiling  for  one  hour 
13-41  ccof  N/2  HCl  were  required  for  neutral Liation.  Thererore,  the  acetic 
acid  formed  on  saponification  required  26-22  -  13-41  =  12-81  c.c  Ny2  KOH  for 
neutraliHition,  =  12-81  xO-02ao7  =  0-359H  grm.  KOH  for  25  grras.  =  14'39 
grms.  KOH  tor  lOO  grms.  ;  therefore,  the  acetyl  value  was  14-39. 

necessary  for  the  complste 
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T*.  .•_  '^.-v.r  '...  ^-  *r-4n,!v  ':i--.:^'";i-ih^  frr<n  ihe  other  xutand  oils 

M  >',:,*.   ;rr4 :xr*^:>^:  o.i     ',v  :•>.    hi/n   ice^ji  r^lue.  less  sharp! v  from 

f„ov».'.  ',,..  tf.o.;fri   10   j^^-  o^it.   of  the  above  sample  of  Mown  oil 

/7*o>:  //<  v.,  »'/  ild  lower  the  a/:etyl  value  of  castor  ofl  from  15*34  to 

l>:-*kowjtv:h'  }ia*  ^.hown  t^jat  iV'ne'likt'.s  method  of  determining  the 
n/'j'M'l  valtjen  of  oils  Ih  huhjc-frt  Ut  aii  irn{x>rtaiit  error,  and  that  pure 
*,U:HrU:^  oleir,  and  other  fatty  acidn  which  contain  no  alcoholic  hjdroxyl 

»  /Vo<.  CAiSW.  .<te.  (1«»0;,  pp.  72.  91  ;    Jour.   Sexr.  Ch4m.  IfuL,  ix.   (1890), 
p.  'J'JO. 
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may,  nevertheleai),  give  considerable  acetyl  values  when  treated  by 
Bouedikt'a  process.  Thia  he  explaina  by  stating  that  the  fatty  aeide 
when  iKiiled  with  a  large  excess  of  acetic  anhydride  are  converted 
more  or  less  completely  into  ankydriilet,  as  shown  by  the  following 
eqiintion : — 

2C,iHj,C00H    +   (CjHjO)jO    =    (C,jHj,iC0)30    +    2CH3COOH 

namlllcidd  AFttlc  inhydrlda        Palmitic  anhydride  Acctlr  udd 

When  the  acotylated  prodnct  Is  boiled  with  water,  the  greater  part 
of  the  aiihydride  is  reconverted  into  acid, 

(C,jH„CO),0  +  H,0  =  aC.jHsiCOOH, 
bitt  A  rnriable  proportion  remains  unchanged,  and  doeB  not  combine 
with  potash  in  th'  foUf  ;  thus  the  acetyl  acid  value  is  too  low.  Un 
boiling  with  potash,  however,  the  anhydride  readily  nudergoes 
hydrolysis,  and,  by  neutralizing  potash,  cansea  a  fictitious  acetyl  value 
to  be  obtained.  Un  this  account,  the  acetyl  values  obtained  by  other 
observers  have  uot  always  agreed  with  Benedikt's  numbers. 

In  order  to  avoid  the  error  due  to  the  formation  of  fatty  anhydrides, 
l^wkowitsch  has  proposed  to  determine  the  acetyl  value  by  distilling 
otF  and  determiniug  in  the  distillate  the  acetic  acid  Formed  by  saponi- 
Gcaltun  of  the  acetylated  fatty  acids.  He  haa  since  proposed  to 
aoetylate  the  glycerides  themselves. 

Lewkaimttdii't  Mtthod. — lU-SO  grms.  of  the  oil  or  fat,  from  which  free 
fatty  acids,  if  eiceedinK  5  per  cant,  in  ainoimt,  should  be  first  removed  as 
directed  on  p.  316  (III  or  V),  are  boiled  fur  two  Lours  with  an  equal 
volume  of  acetic  anhydride  and  then  washed  by  boiling  with  three 
suflcewive  half  litres  of  water,  for  half  an  honr  tsach  time,  as  in  washing  the 
acetyUled  fatty  acids  in  llenedikt'B  procesH  (p.  247).  The  acetykted 
glycerides  are  further  washed  on  a  wet  tilter  nntil  every  trace  oE  acid  is 
removed,  and  finally  dried  in  the  waier-oven. 

^  grms.  of  the  acetylated  oil  are  saponified  hy  boiling  for  half  an  hour, 
under  a  reflnx  condenser,  with  70  c.c  of  aeminormnl  alcoholic  potash.  The 
•iiap  eolittion  in  then  rimted  with  neutral  alcohol  into  a  porcelain  basin  and 
evapumicil  over  the  slvam-hatli  nntil  the  alcohol  is  expelled.  The  soap  is 
diucilved  ill  boiling;  water,  rinsed  into  a  12-oz.  flask,  and  deconiposeii  Viy 
adding  MOflly  the  volume  (ascertained  by  a  separate  experiment)  of  send- 
nonnai  hythxiphloric  acid  or  sulphuric  acid  nece.isary  to  neutralize  the  7il 
CC  of  standard  poUah.  The  flask  is  closed  by  a  cork  carrying  a  long  glan 
tnbK.  The  fatty  scide  will  melt  and  form  a  clear  oily  layer  on  the  surface 
of  tile  liquid,  and  the  acetic  acid,  together  with  any  soluble  fatty  acid 
present,  will  diesolve  in  the  aqueous  liijuid,  (In  order  to  tacililale  the 
Mparation  of  the  fatty  acids,  a  little  nnneral  acid  may  be  addcil,  which 
mUrt  be  carefully  measni'ed  and  allowed  for  in  the  auWijuent  titration.) 
Whsn  cold,  themiueoiis  lii:|uid  is  poured  through  a  wet  litter  and  the  fatty 
uids  are  thomnghlr  washed  with  hot  well-boiled  distilled  water  free  from 
CO,  milil  tlie  loltible  acid  is  removed.  Tliis  part  of  the  process  resembles 
llie  iletenniiiutiuri  of  the  Huhner  value  (p,  237).  Tlie  filtrate,  wliivh  must 
be  iwrfecily  bright,  1«  then  titrated  with  decinormal  alkali,  using  phenol- 
phthalcin  «•  indlCAtor,  anrl,  from  the  result.,  the  number  of  gnus,  of  potosli 
roquircd  to  neutralize  the  acetic  acid  formed  on  saponifying  100  grms.  of 
the  acetvlaled  oil  iii  calculated. 
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Table  LXVI. — Acbttl  Values  of  Oils  {LewkoinUch), 


CUra. 


Vegetable 

Non-drying 

Oils  and  Fats. 


Ve^table 

Semi -drying 

Oils. 


Vegetable 
Drying  Oil. 


Animal  Oils 
and  Fats. 


Marine  Animal 

Oils  and 
Fluid  Waxes. 


Waxes  (solid) 


Blown  Oils. 


Detcription  of  Aoelylated  Oil. 


Olive  oil,  . 
Arachis  (earthnut)  oil, 
Castor  oil, . 
Japan  wax. 
Coconut  oil, 
Palm  nut  oil. 
Palm  oil,    . 


Rape  oil, 
Cottons^  oil. 
Maize  oil,  . 


Linseed  oil. 


Neatafoot  oil, 
Lard  oil, 
Horsefoot  oil, 
Animal  oil. 
Tallow,       . 
Bone  fat,    . 


Sperm  oils  (Southern  and  Arctic), 

Seal  oU, 

Cod-liver  oil,  ...  . 
Fish  oil  (containing  coast  cod  oil, 

Cvv»  !•  •  •  •  •  • 

Skate  liver  oil,  .... 
Shark  liver  oil,  .... 
Japan  fish  oil,     .... 


Wool  wax, . 
Spermaceti, 
Beeswax,  . 
Carnauba  wax,   . 


Blown  East  India  rape  oil  ('962), 
Blown  ravison  oil  (*968),    . 
Blown  cottonseed  oil  ('979), 


True  Acetyl  Yalae. 
Per  coit. 


1-06 
0*91 

14-67-15-05 
1-73- 2-66 
009  - 1*23 
019-0-84 
1-60 


1-47 

0-76-  1-80 
0'58 


0-40 


0-22 

0*26 

0-94 

1*85 

0-24  -  0-86 

1-13 


0-41  -  0-64 

1-52 

Oil 

3-27 
1-01 
0-90 
116 


2-33 
0-26 
1-52 
5-52 


4-66 
6*25 
6'42 
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Acetyl  values  determined  hy-  the  foregolug  method  include  the 
potash  required  to  neutralize  the  soluble  fiitty  acids  present  in  the 
uU  or  fat;  the  true  acetyl  vnliies  are  obtained  by  deducting  this. 
Lewltowitsch  haa  published  a  number  of  determinalions,  from  which 
thme  iu  Table  LXVI.  are  selected. 

Lowkowit«ch,  who  has  raude  a  very  complete  investigation  into  the 
meaning  of  the  acetyl  value  {Anaiijut,  1899,  p.  '119)  has  shown  that 
it  must  not  be  looked  upon  aa  a  constant,  except  in  the  case  of  castor 
oil,  since  it  measures,  besides  hydroiylatud  itcids,  the  following 
substances  which  may  occur  in  variable  proportions  in  oils  and  fatti, 
viz.: — free  alcohols  (including  cholesterol  and  phytosterol),  oxidized 
and  unknown  fatty  acids  occurring  in  blown  oils,  also  mono-  and 
diglycerides  res\iltiug  from  natural  hydrolysis  of  triglycerides  in  oils 
and  fata  which  hare  been  kept.  Oils  and  fatu  which  have  become 
nncid  by  keeping  possess  higher  acetyl  values  thiui  when  in  the 
fresh  condition.  These  considerations  show  the  necessity  of  taking 
precautions  to  prevent  o»idaUon  of  oils  ot  fatty  acids  obtained  from 
them,  previous  to  the  determination  of  the  acetyl  value. 


L.— THE  IODINE  VALTTE. 

I.  Ueoning  and  Use  of  this  Value. 

The  iiidine  or  llubl  valut;  of  u  substance  is  the  percentage  uf  iodine 
absorbed  from  solution  under  definite  couditiotia  prescribwl  by  Hiibl 
in  1884.'  The  value  of  the  test  depends  upon  the  fact  that  oils,  fats, 
and  allied  bodies  are  miitures,  iu  very  variable  proportions,  of 
glycerides  of  Haturatt>d  and  unsaturated  fatty  acids,  and  that  whilst  the 
jatt«r  readily  luiite  with  the  halogens  and  form  addition  products,  the 
former  do  not.  By  bringing  the  oil  and  the  halogen  together  in 
solution  under  conditions  which  reduce  substitution  to  a  minimum, 
it  is  found  that  the  amount  of  halogen  abaorbcfl  by  each  kind  of  fat 
and  oil  is  very  characteristic,  and  affords  one  of  the  most  reliable 
means  we  posseas  of  distinguishing  one  kind  of  oil  from  another  and 
uf  determining  their  proportion  in  mixtures.  The  test  is  most 
gODerally  useful  in  the  analysis  of  fixed  oils  and  fats,  but  tt  has  a 
limited  value  in  the  identification  of  mineral  lubricating  oil,  vasetiae, 
and  parathn  wax.  The  halogen  at  first  used  wiis  bromine.  Allen 
published  details  of  a  bromine  process  in  1881,'  and  an  improved 
proceaa  was  described  by  Milhi  in  1883  and  1884  :'  but  Hiibl's  iodine 
proceiw  has  gradually  su|>er^eded  these.  It  has  been  the  subject  of 
niimcroua  modifi(»ttions,  but  the  only  one  of  permanent  value  is  that 
due  to  Wijs,*  which  has  greatly  simplified  and  imjiroved  the  Hiibl 

■  Jour.  .•ii-e.  CAmn.  fiid.,  iii.  (1884),  [>.  iI4l. 

<  AmIyH,  rj.  (1881),  |m.  ITi  and  31S. 

>  Jour.  Sac.  Chtm.  /nrf.,il,  (1888),  p.  485;  ill.  (1884),  |i.  Ui. 

•  Btricku,  less,  TSO. 
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piooom,     Wc  shnll  duscriUi  both  processoB,  Ijut  the  latter  (Wiju's) 
it  lUe  one  which  ruuniniiiiMids  itni'lC  (or  use. 


II.  Deteniiiufttiou  of  the  Iodine  Value. 


(rt)  HUM'S  ProceM.— The  follnwiti!^  m\u\ 


t'i|iiircd  :- 


lodinr  Soludon.— TliiH  is  a  soluUon,  in  Qthyl  alcohol,  of  iodiue  and 
nierouric  chloride,  iii  the  promrlion  of  at  least  one  molecule  of  mercuric 
rhtoride  to  every  molecule  of  iodino.  Tlie  iireaence  of  mercuric  chloride 
mnclBra  the  absorption  of  the  halogen  by  tht^  lat  mare  rapid  aud  complete, 
and  ii  «Baenti«i1  for  the  attainment  u[  cunstant  rusniu.' 

In  preparing  the  solution  aooordingto  Hubr«directii>iis,  1  litrt  of  pure  95 
por  ocDL  alcohol  ia  divided  into  two  oijual  parte  ;  iu  one,  25  grms.  of  iodine 
are  diHsohcd  (heating  liartciis  eolulion),  and  in  the  other,  30  gna».  of 
powdered  meieurie  ehlonde  (easily  soluble  in  the  cold) ;  the  two  aolutiona 
an<  then  mixed.  The  BolnUon  must  be  kept  in  a  well-stoppered  bottle  in  a 
dark,  cool  cupboard,  At  flret  the  HlrenMh  is  abont  oue-nlth  normal,  bnl 
the  ti«e  iodine  gradimlly  and  ooiitinually  diminishes,  st  first  rapidly  and 
afterwards  more  slowly.*  The  solution,  when  freshly  premred,  sliouul  be 
allowed  to  stand  for  troiu  t\x  to  twelve  hour*  before  use.  Every  time  it  is 
used  it  must  be  standiudiied.  Owing  to  the  continual  diminution  of  strength, 
aaolution  many  weehsold  cfmnoloiiger  l>e  relied  upon  to  give  the  maiimmn 
iodine  absorption  with  subetoncea  of  high  iodine  value,  and,  as  the  action 
of  the  iodine  on  the  alcohol  ia  mucli  less  rapid  in  the  ahucnce  of  mercuric 
chloride,  it  is  far  better  to  keep  the  solutions  of  iodine  and  mercuric  chloride 
in  separate  battles  and  to  mix  them  only  a  few  hours  before  being  requitwl 
for  use. 

Ihcinormal  matulphate  iSoIiiliini.— Thi^  may  be  prepared  by  dissolving 
18-4126  grms.  of  pure  dry  sodium  thiosulphate  crystals  (Na,8,0,5H,0)  in 
water  and  diluting  to  600  c.c.  at  (10°  F.  The  recrystallij:ed  salt,  as  purcliawd, 
is  alinoat  cheraioatly  pure,  but  generally  damp  ;  the  crystals  mert'ly  reqnire 
crushing,  drying  bv  moderate  pressure  net  ween  folds  of  blotting-paper,  and 
preserving  in  a  well-stoppered  Iwttle.  If  the  above  stated  quantity  of  the 
dried  salt  be  made  up  to  exactly  500  c.e,,  the  solution  will  be  so  nearl/ 
correct  that  for  ordinary  work  it  u  not  necessary  to  standardize  it ;  and  if 
kept  in  the  dark,  it  alters  in  strength  very  slowly.  But  it  is  easier  and 
more  satisfactory  to  prepare  an  appro limatety  decinormal  aolutiun,  by 
dissolving  12-6  grms.  of  the  imdried  crystals,  and  to  standardise  this  by 
means  of  pure  potassium  bichromate. 

The  pure  bichromate  is  prepared  by  recrysUUizing  the  commercial  salt  a 
few  times,  and  is  obtained  m  the  form  of  fine  gi^nu^r  crystals  bv  stirring 
and  rapidly  cooling  a  hot  saturated  solution.    The  crystals  are  filtered  by 

'  According  to  Wijs  (Jour.  Soc.  Chem.  Iivl. ,  IBBS,  6di),  iodiue  moncchloride  it 
flrstrunnod,  iw  shown  by  Eiihrsim,  HgCl,-i-4l^ngi,  +  SlCl,  but  this  reacts  with 
the  water  of  the  alcohol  to  Tonn  liypoiodotis  suid,  whioh  is  the  acUre  went, 
thuB:-ia  +  H,0  =  Ha -hHIO.  Lewkowilach  prefers  to  assume  that  iCl  i» 
added  on  directly. 

*  Owing  to  the  fact  that  tlie  hypoioduus  acid  gradually  oxidiics  the  nleohol  to 
aldehyde,  llius;— C,H,0  +  3H10  =  C,H,O  +  2H,O  +  Ip  In  this  reaction.  SHIO 
(tworaolH-ulrajUbemlel^  Hhfreasouemiiloculaof  undecomiiosad  HlOtiberstasI. 
in  the  lilrstion,  thus:-HCI +  H10-^~"    — *+B,04-l, 


THEMtCAL   PROPKRTIKS  AND   METHODS   OP   h:XA^aNATION.      263 


8>ictioii,  dried 
boUle. 

Fi>r  stauilardi<ing  thf  Lliiot>iiIu|i«te, 
binliroiiiatK  is  prepared,  ami  w  kept  i 
this  solaiion  are  lueafnired  Into  &ii  8- 
abont  4  0*.  of  cold  ditilillcd  wsttT.  i 
IMlawium  iodide  (free  from  itdate)  n 
sulphnric  acid   {1    vol.  of   atrong  acid 


ISO'-aoo"  C,  and  kept  in  a  stoppered 

in  accurate  1  ]M.'r  cent.  Mluliou  of  th^ 
a  well -Btoppe red  bottle.  10  e.e.  of 
;.  Btoppered  bottle  and  diluted  with 
C.0,  of  a  10  percent.solntionof  pure 
added,  and  about  10  c.c  of  dilute 
vols,  of  water).      This  acid 


Uberatra  exactly  0'S&84  Km.  iodine,  equimlenC  to  about  SO'4  c.c.  of  dec 
normal  thiosulphate.  The  thiosulpliate  solution  is  then  added  from  a 
burette,  tn  dropi,'  with  continnal  agitation  of  the  liquid,  until  the  colour  of 
tlie  free  iodine  ha£  nearly  disappeared.  Starch  solution  is  then  added,  and 
the  titration  h  Mulshed  very  elowly,  by  adding  the  thioEulphale  at  Erst  two 
drops  and  then  one  drop  at  a  time  and  allowing  plenty  of  time  between 
naeb  addition,  ai  the  final  dratructiou  of  the  blue  iodide  of  starch  takes 
place  slowly  anii  it  ie  easy  to  overshoot  the  tuark.  The  colour  of  the  solution 
u  not  bleached,  but  changes  to  the  pale  bluish-green  of  chromium  chloride. 
If  jr  be  llie  Kumbcr  of  c.c  used,  then  1  cc  of  thiosulphate  solution  is 
equivalent  to  ^IZ?"??  grm.  of  iodine. 

An  alternative,  and  in  some  respects  preferable,  method  of  standardizing 
the  ilecinormal  thiosulphate  solution  is  by  means  of  decinormal  perman- 
nnate  solution.  100  c.c  of  distilled  water,  10  c.c  of  dilute  sulphnric  acid 
(t  vol.  of  acid  to  3  vols,  of  water),  and  20  cc.  of  a  10  per  cent,  solution  of 
pure  potassium  iodide,  are  well  mixed  in  a  stoppered  buttle.  20  c.c.  of  deci- 
normal permanganate  solntion  are  then  added  and  the  liberated  iodine 
titnled  with  the  thiosulphate  solution,  SO  c.c.  of  decinormal  permanganate 
solntion  of  correct  strength  liberate  0^S39  grm.  of  iodine. 

I'otattium  Iodide  Sol%tion. — This  is  a  10  per  cent  aqueous  solution  of  the 
pure  aalt  free  from  iodate.  It  becomes  slightly  yellow  on  keeping,  owing 
to  liberation  of  iodine,  but  may  be  bleached  by  adding  a  drop  or  two  of 
thimulpliate. 

Stank  Solutiim.~~A.honi  1  grm.  of  pare  arrowroot  starch  is  rubbed  to  a 
smooth  cream  with  a  few  drops  of  water  and  poured  into  an  S-oz.  conical 
beaker.  The  beaker  is  nearly  filled  with  boiling  water,  immediately  placed 
over  the  naked  flame  of  an  A^and-Buneen  for  a  few  moments,  and  allowed 
to  boil  np.  U  is  then  covered  and  left  to  stand  over  night,  and  the  clear 
liquid  is  decanted  fnr  use.  If  reijuired  for  use  immediat^y,  the  hot  liquid 
mav  be  filtered. 

ifeAj/Uied  Cklaro/i/riii.— This  must  be  proved  to  absorb  no  iodine. 
Place  10  cc.  and  20  c.c  in  two  stoppered  lioltles.  Add  to  each,  10  cc.  of 
iodim;  solution,  and  stopper  the  bottles  tightly,  after  moistening  each 
■topper  with  a  drop  of  potassium  iodide  solution.  Place  the  bottles  in  a 
dark  cupboard  for  wveral  hours,  and  then  titrate  the  free  iodine  in  each  ; 
if  the  voluTue  of  thiosulphate  used  is  the  same  for  both,  the  chloroform  is 
fit  for  use. 

To  determina  ths  Iodine  lalua,  oa  much  of  the  substance  is  weighed  in  a 
very  atiiall  countcrpuiscil  beaker  aa  will  ulisorb  about  0'3  grm.  of  iodine,  or 
a  trifle  more,     Ii  is  di^ved  in  i-hlorofonn '  and  rinaed  into  a  dry  8-de. 

'  Ifthfl  thiiMiil  Jill  ate  In  added  mors  rapidly,  sn  eicesalru  qimiility  is  required. 

'  In  toting  a  subatance  whioh  is  inaoluble  in  clitururunii  but  lolubls  in  alcohol, 
dtbar  tha  lubttKUCS  is  tnnsforred  to  the  bottle  in  a  dry  ilata,  or  it  n  dissolrsd  in 
10  cc  o(  ahsotuto  alcohol  and  exactly  tlie  Mtme  vaflime  of  aUoluts  alcohal  b 
addtil  to  the  I'lank  qnnntUy, 
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stoppered  bottle,  about  10  c.c.  of  chloroform  being  used  altogether.  About 
the  same  volume  of  chloroform  is  then  poured  into  another  similar  bottle. 
Both  bottles  must  have  very  well  fitted  stoppers. 

The  approximate  strength  of  the  iodine  solution  having  been  ascertained 
by  titrating  10  c.c.  with  the  standard  thiosulphate,  as  much  is  measured  into 
each  bottle  as  will  contain  at  least  0*6  grm.  of  iodine.  If,  after  mixing,  the 
contents  of  the  botUe  containing  the  sulxstance  be  not  clear,  more  chloroform 
is  added,  the  same  extra  volume  being  added  to  the  blank  quantity.  The 
bottles  are  then  tightly  stoppered,  each  stopper  being  first  moistened  with  a 
drop  of  strong  potassium  iodide  solution  to  make  a  more  effective  seal,  and 
are  placed  in  a  cool,  dark  cupboard  for  not  less  than  six,  and  not  more  than 
about  eighteen,  hours.  It  is  convenient  to  commence  the  experiment  late 
in  the  afternoon  and  titrate  the  first  thing  next  morning. 

Before  commencing  to  titrate,  each  bottle,  in  warm  weather,  is  first  cooled 
by  running  some  cola  water  over  it,  so  as  to  produce  a  slight  reduction  of 
pressure  inside,  and  a  few  drops  of  potassium  iodide  solution  are  poured 
round  the  stopper,  which,  on  opening  the  bottle,  are  drawn  in,  rinsing  the 
neck  and  stopper.  20  c.c.  of  potassium  iodide  solution  are  then  poured  into 
the  bottle,  ana  cold  distilled  water  is  added  until  the  bottle  is  about  two- 
thirds  full  Part  of  the  iodine  will  now  be  in  the  aqueous  liquid,  and  part 
in  the  chloroform  solution  which  settles  to  the  bottom.  The  standard  thio- 
sulphate solution  is  next  run  in,  at  first  rapidly  and  afterwards  more  slowly, 
witn  constant  agitation,  until  the  free  iodine  lias  nearly  all  disappeared,  and 
then  the  starch  solution  is  added  and  the  titration  is  finished  drop  by  drop, 
vigorously  shaking  the  closed  bottle  between  each  drop,  until  the  blue  colour 
is  destroyed.  The  difference  between  the  volumes  of  thiosulphate  solution 
used  for  the  blank  Quantity  and  for  the  sample  is  calculated  to  iodine,  and, 
when  divided  by  tne  weight  of  substance  taken  and  multiplied  by  100, 
gives  the  iodine  value. 

Example. 

It  was  required  to  determine  the  iodine  value  of  a  sample  of  olive  oil. 
10  c.c.  of  iodine  solution,  rather  old,  required  17*2  c.c.  of  decinormal 
thiosulphate  solution,  equivalent  to  0*217  grm.  iodine ;  therefore,  a  30  c.c. 
pipetteful  would  contain  about  0*65  grm.  iodine.  Now  olive  oil,  when 
genuine,  absorbs  about  80  per  cent,  of  iodine  ;  therefore,  weighed  out 
0*4  grm.     In  titrating,  the  volumes  of  thiosulphate  solution  used  were. 

For  the  blank  quantity,  50*80  c.c. 

For  the  test  quantity,  .      24*30  c.c. 

Difference,  26  50  c.c. 

1  c.c.  of  the  thiosulphate  used  was  equivalent  to  0*01261  grm.  iodine  ;  there- 
foi-e,  26*50  c.c.  were  equivalent  to  0*33416  grm.  Therefore,  0*4  grm.  of  the 
oil  absorbed  0*33416  grm.  iodine,  aiid  100  crms.  would  absorb  0*33416 -^ 
0*4  X  100  =  83*54,  which  is  the  iodine  value  of  the  sample. 

For  the  attainment  of  uniformly  reliable  and  concordant  results  by  this 
process,  about  double  as  much  iodine  should  be  added  as  the  substance  can 
absorb.  The  iodine  solution  must  not  be  too  weak,  otherwise  the  maximum 
iodine  absorotion  is  not  obtained  with  oils  of  high  iodine  value.  The 
digestion  witn  iodine  must  not  be  continued  for  too  short  a  time,  nor  unduly 
prolonged ;  standing  over  night  (about  eighteen  hours)  is  sufficient  in  all  cases. 
Although  these  precautions  are  more  necessary  when  dealing  with  subetances 
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TiBLE  LXVII.— loDiNB  Valdbs  OF  FixKD  OiM,  Fats,  asd  Waxbb, 
AND  THBiB  Mixed  Faitt  Acnw. 


VenUbti 
Seml-dryjn 


OUi  and  P»U. 


Nuns  ot  Oil.  gtfl. 


Arw:hli(oiuthiin()iiir,' 


MiiiMrd  ^ll' (white),    ; 
MuitanlullfhUcli),     , 


CoUon*»d  oil,  , 


T8-S-»1-T(rara1]'i 


HempHftd  oi], 
P"[roy»eed  oLI, 
Wkfnut  oil. 
NlgerMed  of  I, 


IM-l-lMT 


WS-7M 

m  -SB 

787-  at-* 


Duttan,  and  bomi  reflnad), 


H  bod;  oil, 

*hllv«rttlli 

JICDOU,     . 

(iDdtidlngJ 

ltah)ffl 

:     : 
1.. 

c=H  (it  Ine 

^» 

•ptrm 

oil), 

8f»-SS'S 
8*^    »-6 
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Tablk  LXVI II.— Iodine  Values  of  Misgbllanbous  Substances. 


ClaM. 

Description. 

Iodine  Valoe 

= Iodine  alieorbed  by 

100  put*. 

Blown  Oils. 

m 

Blown  rape  oil,  .... 
Blown  cottonseed  oil, 

47    -  73 
56-66 

Alcohols. 

i 
Alcohols  from  sperm  oil,    .                       59*5-  69-3 
Alcohols  from  wool  fat,                             35-40 
Cholesterol  and  phytosterol,       .  '            67*3    68-1 

1 

Resins. 

1 
Colophony,                                                160-219* 

Solid 
Hydrocarbons. 

Paraffin  wax,      .... 

Ozokerite, 

Vaseline  (Chesebrough  Co.X 

3-9-    4-0 
4-5-     4-9 
8-6 

American 

Lubricating 

Oils. 

Pale*  885,'          .... 
*  Red '  engine  oil. 
Dark  meaium  machinery  oil,     . 
Dark  cylinder  oil, 

12-52 
16-06 
14-15 
15-62 

Russian  Lubri- 
cating Oil. 

'  Ragosine '  oil  No.  1, 

7-19 

Shale  Oil. 

Scotch  shale  oil,  *  890,' 

Rosin  oil, 

22-99 

43-48 

"  Wij8'8  solution,  two  hours'  contact  (see  Lewkowitsch,  (HU,  FaU,  etc,  vol.  i.  p.  S90). 


of  high  than  of  low  iodine  value,  it  is  desirable  to  adopt  the  same  method  of 
working  in  all  cases. 

The  chemical  reactions  taking  place  in  this  process  have  been  fully 
discussed  in  papers  by  Schweitzer  and  Lungwitz,^  Ephraim,*  Waller,* 
Wijs,*  and  Lewkowitsch  ^  ;  for  practical  purposes  it  may  be  assumed 
that  ICl  is  added  on  to  the  unsaturated  carbon  atoms. 

'  Jour.  Soe.  Chem.  Ind.,  xiv.  (1895),  ])p.  130  and  1080. 

-'  Anali/st,  XX.  (1895),  p.  176.  »  Ibid.,  p.  280. 

*  Jaur.  Soc,  Chein,  Ind.,  1898,  p.  698. 

^  Analyst,  1899,  p.  257. 
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(6)  WiJB'B  Froce&H. — Wija  haa  replaced  Hiibl's  reageut  by  a  solution 
of  iodine  inonochloride  in  acetic  acid. 

The  reagent  is  prepared  by  dissolving  13  grms.  of  iodine  in  1  litro 
of  pure  glacial  acetic  acid,  determining  the  titra  of  the  aolutioii,  and 
then  passing  into  it  a  current  of  chlorine  (free  from  hydrochloric  acid) 
until  the  titre  is  nearly  but  not  more  than  doubled.  With  a  little 
practice  the  point  can  be  judged  with  fair  accuracy  by  observing  the 
change  in  colour  from  very  dark  brown  to  a  rich  orange.  The  acetic 
acid  used  must  be  proved  to  have  no  reducing  action  on  permanganate. 
The  solution  thus  obtained  haa  the  following  advantages  over  the 
Hiibl  solution  :  it  is  comparatively  stable,  and  will  keep  for  six  months 
without  serious  loss  of  strength ;  the  time  of  contact  necessary  for 
coraplet*  iodine  absorption  to  take  place  is  shortened  to  an  hour  or 
less  (in  the  case  of  non-drying  oils,  a  few  minutes  suffice). 

To  determine  the  iodine  value  with  this  solution,  as  much  of  the 
substance  as  will  absorb  about  0'325  grm.  of  iodine  is  dissolved  iu 
10  c.c.  of  chloroform  in  a  stoppered  8-oz.  bottle,  mixed  with  2S  c.c.  of 
the  Wijs  solution  (containing  about  0'65  grm.  of  iodine)  and  allowed 
to  stand  fifteen  minutes  for  non-drying  oils  (olive),  thirty  minutes 
for  semi-dtying  oils  (rape),  sixty  minutes  for  drying  oils  (linseed).  20 
c.c.  of  potassium  iodide  solution  are  then  added,  followed  by  about 
100  c.c.  of  distilled  water,  and  the  titration  is  proceeded  with  in  the 
manner  described  on  p.  25i.  There  is  no  need  to  make  a  blank  test, 
occasional  titration  of  the  Wija  solution  being  sufficient.  Iodine 
values  determined  by  this  method  agree  closely  enough  for  practical 
purposes  with  those  determined  by  the  Hiibl  method,  when  the  latter 
is  properly  carried  out,  and  as  the  method  is  much  simpler  it  will 
naturally  be  preferred. 


M.— EEHNER'S  BEOUINE  THEBIIAI  TEST. 

Hehner  and  Miteliell  liave  devised  a  very  useful  thermal  method 
for  the  examination  of  oils.  Hehner  showed'  that  when  liquid 
bromine  is  added  to  an  oil  or  fat  dissolved  in  chloroform  or  carbon 
tetrachloride,  instantaneous  combination  occurs,  accompanied  by 
considerable  evolution  of  heat,  and  in  conjimction  with  Mitchell  he 
subsequently  discovered  that  the  beat  evolved,  measured  by  the  rise 
of  temperature  under  fixed  conditions,  bears  a  nearly  constant  ratio 
to  the  iodine  value ;  that,  in  fact,  the  iodine  value,  which  by  Hiibl's 
process  takes  several  hours  to  determine  and  involves  the  use  of  a 
special  reagent  not  always  ready,  can  be  ascertained  with  considerable 
accuracy  in  a  few  minutes  by  measiu^ng  the  thermometric  rise  with 
bromine  and  multiplying  the  result  by  a  constant, 

Since  iodine  values  can  now  bo  determined  so  rapidly  by  the  Wija 
process,  tlie  bromine  thermal  test  has  to  a  large  extent  lost  its  useful- 
ness ;  but  it  may  still  be  employed  with  advantage  as  a  sorting  test, 

'  Analyst,  ix.  (ISB6),  [>.  49. 
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where  a  large  number  of  samples  have  to  be  examined  in  a  short 
time. 
The  foUowing  apparatus  and  reagents  are  required : — 

A  vacuum  JackeUd-tube,^  measuring  internally  3|  inches  in  length   x 

J  inch  in  diamet^. 
A  Centigrade  thermometer,  divided  in  fifths  of  a  decree  from,  say,  0'  to  50'. 
A  I  cc.  pipette,  having  a  short  soda-lime  tube  fixea  by  a  cork  to  the  upper 

end,  with  a  flexible  tube  for  mouthpiece. 
Liquid  bromine,  and 
Mdhylated  chloroform. 

The  Procaes. — The  vacuum-jacketed  tube  is  suspended  from  one  arm  of  the 
balance  by  means  of  a  stiff  platinum  wire  loop  (fig.  72),  a  counterpoise 
made  from  a  piece  of  thick  sheet  lead  beine  placed  in  the  other  pan.  By 
openinff  the  side  door  of  the  balance  case,  tne  oil  or  fat  can  be  dropped  into 
the  tube  and  the  exact  weight  easily  and  quickly  adjusted.    The  tube  is 

then  slipped  out  of  the  wire  loop  and  6xed  firmly, 
by  means  of  the  short  stem,  in  a  suitable  stand,  and 
10  C.C  of  chloroform  are  measured  into  it  from  a 
pipette.  The  temperature  of  the  bromine  having 
been  ascertained  to  the  nearest  0*1  deg.,  by  stirrine 
with  die  thermometer,  the  same  thermometer,  freea 
from  adhering  bromine,  is  immersed  in  the  chloro- 
formic  solution  of  the  substance,  which  is  brought 
to  exactly  the  same  temperature  as  the  bromine, 
either  by  warming  the  outer  tube  by  the  hand  or 
cooling  it  by  immersion  in  cold  water.  This  adjust- 
ment takes  place  slowly,  as  the  heat  can  only  be 
transmitted  by  radiation.  Immediately  the  tem- 
Fio.  72. — Vacuum  perature  is  correctly  adjusted,  1  c.c  of  the  bromine 
Jacketed  Tube.  ib  withdrawn  from  the  bottle  (by  means  of  a  pipette, 

Erovided  at  its  upper  end  with  a  short  soda-lime 
piece)  and  added  to  the  chloroform  solution,  which 
is  rapidly  stirred  with  the  thermometer  until  the  mercury  has  risen  to  the 
highest  point  and  begun  to  fall  again.  As  this  takes  place  in  about  fifteen 
seconds,  close  observation  of  the  mercury  is  necessary.  The  difference 
between  the  initial  and  final  temperatures  is  the  rise  of  temperature. 

It  is  desirable  to  vary  the  quantity  of  substance  taken,  according  to  the 
amount  of  heat  developed.  Of  olive  and  rape  oils  1  grm.  is  a  suitable 
quantity  ;  of  tallow  or  any  other  fat  composed  mainly  of  saturated  gly cerides, 
2  grms.  may  be  used  ;  but  of  linseed  oil,  which  reacts  very  violently  with 
bromine.  0*5  grm.  is  sufficient.  10  c.c.  of  chloroform  and  1  c.c  of  bromine 
are  usea  in  all  cases.  The  rise  of  temperature  when  2  grms.  are  used 
is  divided  by  2,  and  when  0*5  grm.  is  used  is  multiplied  by  2.  The 
result,  expressed  by  the  symbol  fi,  may  be  called  the  bromine  thermal  value. 

The  numerical  value  of  the  constant  or  factor  for  converting  the 
bromine  thermal  values  into  iodine  values  depends  upon  the  heat 
capacity  of  the  particular  tube  and  thermometer  used.  Hehner 
and   Mitohell   found   it   to  be  about  5*5,  Jenkins^  5*7,  Archbutt^ 

^  Obtainable  from  Messrs.  Baird  &  Tatlock. 
»  Jour.  Soe,  Chem.  Ind,,  xvi  (1897),  p.  198. 
»  Ibid.,  p.  809. 
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Table  LXIX. 


Experiment. 

Thermal  Value  O).    'C. 

Bromine  as 
Purchased. 

Bromine  saturated 
with  Water. 

Anhydrous 
Bromine. 

1 
2 
3 

4 

20-4 
20-3 
201 
20-2 

20-2 
20-4 

•  •  • 

•  •  • 

20-1 
20-2 

•  •  • 

•  •  • 

Mean, 

20-26 

20-3 

2016 

Table  LXX. 


Tallow.    7  samples  (2  grms.  used ;  the 
rise  of  temperature -r  2 =^). 


Description. 


American  beef, 
Home  refined, 

•> 

It 

>i 

Australian  mutton, 
Home  refined,    . 


Bromine 

Thermal 

Value  03). 

X 

flO. 

61 

87-8 

6-7 

41-6 

67 

41-6 

7-06 

43-7 

7-2 

44-6 

7-56 

46*8 

8-9 

66-2 

-^  s 


391 
41-3 
41-8 
44  8 
44-9 
46*3 
58*5 


2.  Olive  Oil.    10  samples  (1  grm.  used ; 
the  rise  of  temperature =^X 


Description. 


Unknown, 


>> 


Malaga, . 


n 


Unknown, 


t> 


Oallipoli, 

Unknown, 

Gallipoli, 


Bromine 

Thermal 

Value  03). 

• 

to 
X 
flO. 

13  55 

77*2 

13-8 

78-7 

138 

78*7 

14-2 

809 

14*2 

80*9 

14-35 

81-8 

14-4 

821 

14*45 

82*4 

14-5 

82-0 

14*5 

82*6 

78-7 
78-9 
79-3 
78*4 
81*4 
81-4 
82-0 
84*2 
82*5 
88-1 


3.  Rape  Oil.    11  samples  (1  grm.  used ; 
the  rise  of  temperature =^). 


Description. 


Stettin,    . 
Unknown, 


Black  Sea, 


5  a^ 

S 

1E« 

lO 

Bro 

The 

Valu 

X 

flO. 

17-0 

100*6 

17-86 

102*7 

17*4 

103*0 

17-8 

102*4 

17-7 

104-8 

17*8 

105*4 

17-9 

ia5*9 

18*25 

108-0 

18*6 

110*1 

19-1 

113-1 

20-8 

120*2 

99*6 
102*7 
103*8 
108*1 
105*7 
104*6 
106*2 
1081 
100*4 
118*5 
121-7 


4.  Raw  Linseed  Oil.    10  samples  (0-5  grm. 
used ;  the  rise  of  temperature  x  2=^). 


Description. 


Old  sample, 
Unknown, 
American  (7). 
Unknown, 
Calcutta, 

Baiu'c,     '. 

n 
l» 
fl 


Bromine 
Thermal 
Value  05). 

• 

9 

«> 
X 
flO. 

28-5 

171-0 

28-8 

172-8 

29-6 

177*6 

29*7 

178-2 

298 

178-8 

30*46 

182*7 

31*35 

188-1 

81*4 

188*4 

31*75 

190-6 

82-6 

195-0 

s>    * 


167-1 
177-0 
177-0 
177*8 
178-7 
183-3 
188-5 
188-8 
188*8 
192*5 
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from  5*7  to  6*2,  according  to  the  nature  of  the  oil.  Each  operator,  in 
a  test  of  this  kind,  must  of  necessity  work  out  his  own  factors,  by 
making  comparative  determinations  of  the  iodine  values  and  the 
bromine  thermal  values  of  about  half  a  dozen  genuine  samples  of  each 
description  of  oil  which  he  wishes  to  use  the  method  for. 

The  results  of  consecutive  experiments  made  with  the  same  sample 
of  oil  are  remarkably  concordant,  the  extreme  difference  usually 
observed  being  0*3**  C.  Duplicate  experiments,  made  at  intervals 
of  several  days,  usually  agree  within  O'l""  C.  Bromine  as  purchased, 
the  same  fully  saturated  with  water,  and  the  same  dehydrated  by 
shaking  with  strong  sulphuric  acid  and  distilling,  gave  practically  the 
same  results,  as  the  figures  in  Table  LXIX.,  obtained  with  the  same 
sample  of  rape  oil,  show. 

The  results  of  experiments  with  four  descriptions  of  oil  are 
given  in  Table  LXX.,  and  it  will  be  seen  that  the  agreement 
between  the  observed  and  the  calculated  iodine  values  is  generally 
very  satisfactory.  Thus,  with  the  seven  samples  of  tallow,  the 
maximum  difference  is  1*7  ;  in  the  case  of  the  olive  oils,  it  is  2*5 ; 
eleven  samples  of  rape  oil  gave  a  maximum  difference  of  1*5 ;  and 
the  agreement  in  the  case  of  raw  linseed  oil  is  nearly  as  good.  The 
greatest  difference  observed  in  testing  ten  samples  of  the  latter  oil 
was  4*2,  but  if  we  omit  the  first  two  samples  the  difference  does  not 
exceed  2*5.  These  results  prove  that  the  bromine  thermal  test  is 
a  valuable  auxiliary  method  for  the  valuation  of  oils,  which,  in 
laboratories  where  a  large  number  of  oils  of  the  same  kind  have  to 
be  examined,  may  save  a  great  deal  of  time  and  labour. 


N.— MAUMEN^'S   THEBHAL   TEST. 

All  the  fixed  oils  react  with  strong  sulphuric  acid  with  evolution 
of  heat,  which  is  least  in  the  case  of  the  non-drying  and  greatest  in 
that  of  the  drying  oils.  In  Maumen^'s  test,  50  grms.  of  the  oil  are 
stirred  in  a  beaker  with  10  c.c.  of  strong  sulphuric  acid,  both  at  the 
same  initial  temperature,  and  the  rise  of  temperature  is  read  off. 
This  varies  from  about  40'  C.  with  olive  oil  to  about  130'  C.  with 
linseed  oil ;  and  as  the  limits  of  variation  with  different  pure  samples 
of  each  oil  are  not  wide,  the  test,  when  conducted  with  due  care,  is  a 
valuable  means  of  distinguishing  one  oil  from  another  and  of  detecting 
adulteration. 

The  attainment  of  uniform  results  by  this  test  depends  upon  the 
employment  of  identical  conditions,  especially  as  regards  the  strength 
of  the  sulphuric  acid  used.  The  following  results  by  Archbutt^ 
show  the  effect  of  varying  the  strength  of  the  acid,  all  other  condi- 
tions remaining  the  same. 

^  Jimr.  Soe.  Chem.  Ind,,  v.  (1886),  p.  808. 
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Table  LXXI. 


BlMuf  Teomeriliire  C  C.)  wKli  Aold  conulnini; 
percent.  oiO^,. 

DtKriptioliDfaU. 

97-38 

96-71 

95-72 

9473 

93"5    9373 

91-85 

Olive  oil,  pare, . 

42-7 

4S 

39 

36-5 

34-5 

31 

38-6 

OliTe  oil,  impure,     . 

48-5 

47'3 

44 

40-5 

38-7 

35 '5 

33-5 

lUpe  oil,  pure, . 

635 

6, 

58 

54 

fiO-3 

47 

41-7 

A&  the  temperature  risoB  more  slowly  the  weaker  the  acid,  it  is  1 
advisable  to  use  an  acid  coiitaiiiing  not  less  than  97  per  cent,  of  1 
HjSO^ ;  and  the  strength  must  be  ascertained  by  analysis,  since  the  I 
spucilie  gravity  of  Biilphiiric  acid  reaches  the  maximum  at  97-7  per 
cent.,  and  then  diminiebcs,  so  that  acids  of  95-6  per  cent,  and  99'3 
per  cent.  Btrength  have  the  same  epecilic  gravity  {Lwtge  and  Nnef), 
The  method  of  working  which  we  recommend    invoIveB  the  use  of 
the  following  reagent  and  apparatus : — 

Sulfhnric  Acid  (97%  UiSO^) ;  prepared  as  follows :— The  contenU  of  aa   I 
nnopeiied  Winchester  quart  bottle  lit  pure  Bulphuric  acid  are  well  mixed  ;    I 
about  6  c.c.  are  then  taken  out  with  a  dry  pipette,  quietly  delivered  into  a 
dry  weighing  bottle,  which  in  stonpered  and  the  exact  weight  taken.     The 
acid  is  then  carefully  diluted  wila  cold  wul«r,  made  up  to  exactly  500  cc. 
at  the  U^mn^ratitre  of  the  laboratfiry,  and  well  mixed.     100  c.c.  or  thti 
diluted  acid  arc  next  measurisl  with  a  pipette  and  delivered  into  a  16-oz, 
flask,  cunUiiiiiig  a  weighed  quantity  of  pure  sodium  carbonate  dissolved 
ill  a  uiiall  quantity  of  water.     I'lO  grms.  of  sodium  carbonate  are  taken  for 
•very  1  grni,  of  acid.    Tliis  weiglit  of  the  nominally  dry  carbonate  ie  placed 
in  a  tnred  platinnm   crucible,  guutly  ignited   ovei'  a  spirit   flame  for  ten 
ininutes,  cooled  in  the  dealccalor  witli  n  cover  on  the  crucible,  and  the  oxacl 
weight  then  tAken.     After  the  ncid  has  been  nin  into  tliu  sodium  carbonate 
solution,  tile  liquid  is  heated  to  boiling  to  expel  most  of  the  carbonic  acid, 
then  made  quite  cold,  and  the  excess  of  sodium  carbonate  determined  by 
titration  wiin  deeinonn&l  acid,  using  methyl  orange  as  indicator.    In  order 
thai  tlie  end  pDint  of  the  tiltation  may  be  sharply  observed,  the  colour  of  . 
the  liquid  nhould  be  cj>m])ar«d  with  that  of  an  equal  volume  of  pure  water  I 
tinted  wiLh  the  same  quantity  of  methyl  orange  and  contained  in  an  exactly  I 
-     -..,.     ™     ^  t,    .......    ...    -   -  pie  oftht  --'   -'  -  -  ' 


similar  ftoak,    The  f< 


!  quantity  ( 
following  it 


example  oi  the  calculation : — 


Weight  of  sulphuric  scid  titrated  =  J  x  1 1  -1 110  =  3-2333 

Wriohl  of  dry  NajCOi  taken  =  3-4493 

N/10add.l3'38i.-.c.  =  Na,COj  13-38  X -0053  =  -OTli' 

Weighlof  dry  Na,CO,  neutralised  =  23783 

Ef^uivalent  weight  of  H^,  =  3-19ao 

•.  SerwijrfAo/deia=2-1980-rS-2it2axl00  =  98 98°/, H 


«to 
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If  the  acid  be  weaker  than  97  per  cent.,  it  is  rejected  ;  if  stronger,  it  is 
diluted  to  exactly  97  per  cent  strength  by  adding  to  a  weighed  quantity, 
say  1  kilo.,  the  requisite  quantity  of  pure  water,  which  may  be  measurea 
from  a  delicate  burette  and  well  stirred  into  the  acid.  The  reagent  thus 
prepared  is  preserved  for  use  in  a  capped  ether  bottle ;  the  stock  is  kept  in 
the  'Winchester,'  the  stopper  of  wnich,  after  wiping  free  from  acid,  is 
smeared  with  a  little  vaseline  and  tied  down. 

Beakers,  tall  form,  4  inches  hi^h  by  2J  inches  in  diameter.  These  fit  into 
a  nest  of  cotton- wool  contained  in  a  40-oz.  lipped  beaker. 

il  10  C.C.  burette,  with  glass  tap.  The  orifice  of  the  jet  is  reduced  by 
holding  it  in  the  Bunsen  name  until,  with  the  tap  turned  full  on,  10  cc.  of 
the  sulphuric  acid  take  one  minute,  within  a  second  or  two,  to  flow  out. 

A  Centigrade  thennomeUr,  graduated  in  single  decrees  from  0**  to  lOO"". 

In  making  a  test,  the  temperature  of  the  air  of  the  room  is  first  of  all 
ascertained,  and  the  acid  is  then  brought  to  the  same  temperature  by 
warming  the  bottle  by  the  hand  or  by  coming  it  in  water.  Exactly  50  grms. 
of  the  oil,  having  been  weighed  int>o  the  beaker,  are  stirred  with  the  ther- 
mometer and  brought  to  the  same  temperature  as  the  acid,  and  the  beaker 
is  then  placed  in  tne  cotton-wool  nest.  The  burette  having  been  filled  with 
the  acia  and  covered  with  a  glass  cap,  the  beaker  is  brought  under  it,  the 
tap  is  opened  wide,  and  10  c.c.  of  acid  are  allowed  to  run  into  the  oil,  all 
the  time  stirring  the  oil  and  the  acid  most  thoroughly  together.  After  the 
acid  is  all  in,  the  stirring  is  continued  imtil  the  mercury  ceases  to  ri^. 
The  final  temperature  is  read  off,  the  initial  temperature  is  deducted,  and 
the  difference  is  the  rise  of  temperature. 

When  a  number  of  samples  are  being  tested,  a  thermometer  is  kept  sus- 
pended near  the  burette  to  record  the  temperature  of  the  air,  and,  if  this 
alters,  the  initial  temperature  of  the  oils  must  be  altered  to  corre^nd. 
Immediatelv  after  testing  each  oil  the  burette  is  refilled  with  Acid  and 
capped,  ana  the  neck  of  the  bottle  is  carefully  wiped  dry  and  capped.  If 
these  directions  are  followed,  very  good  results  may,  with  practice,  be  ootained. 

This  test  is  most  useful  in  comparing  one  sample  of  oil  with 
another,  as  in  controlling  the  quality  of  the  deliveries  of  oil  purchased 
to  sample.  As  the  results  obtained  are  influenced  not  only  by  the 
strength  of  the  acid  used  but  also  by  the  exact  modus  operandi,  each 
observer  must  construct  a  table  of  results  for  himself,  by  testing 
several  pure  samples  of  each  oil  he  requires  to  examine.  Table 
LXXII.  will  serve  to  show,  approximately,  the  results  obtained 
with  some  well-known  oils. 

In  testing  oils  which  evolve  more  heat  than  cottonseed  oil,  the  chemical 
reaction  becomes  so  violent  that  the  liquid  froths  out  of  the  beaker  ; 
therefore,  the  test  cannot  be  made  unless  the  oil  is  diluted.  For  this  purpose 
olive  oil  is  suitable  ;  e.g,  20  grms.  of  linseed  oil  diluted  with  30  grms.  of  olive 
oil  give  a  moderate  thermal  effect.  The  olive  oil  must  be  tested  separately 
to  ascertain  the  rise  of  temperature  obtained  with  it  alone  ;  the  thermal  rise 
of  the  linseed  oil  is  then  calculated  as  shown  by  the  following  example  : — 

Rise  of  temperature  of  the  mixture,  observed,        77*2' 

Effect  due  to  30  grms.  of  olive  oil = |  x  42**  =         26"2' 

5  


Effect  due  to  20  grms.  of  linseed  oil, 

.*.  50  grms.  of  linseed  oil  would  rise  ^  x  52°  = 
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Nime  or  (HI. 

KI»ofTirapsr»wrBwith 
07Kaii![*nrIoAcia. 
Degretg  CentlBmle. 

Animal  (tallow)  oil, 
OliTe  Ml,       .        . 
KeatsFool  oiL 
Aracliis  oil,   .        . 
Hone  oil,      . 
OMtorcdl,      . 
Rape  oil, 

Se^doil.    .        . 
Raviaon  oil,  .       . 
Cottoiueed  oil, 
Poppyseed  oil, 
Nigei-seed  oil, 
Seal  oil. 

Menhaden  oil,       . 
Lineeedoil,    . 

35°-42° 

40°-46° 

43°-49'' 

49° 

4e°-55' 

56°-66° 

5fi°-G4° 

03°-65" 

75°  and  over 

75°-85° 

87"-89° 
100° 
106° 

I28°-145' 

Specific  lemperftture  Reaction. — Thomsou  and  Ballontyne  ■  have 
proposed  to  avoid  the  trouble  involved  in  the  prepuration  of  an  acid 
of  known  strength  by  a  new  method  of  recording  results.  Instead  of 
Htating  the  vine  of  teinpeniture  in  degrees,  they  express  the  resull  in 
tvnns  of  the  riiie  of  toinporatiire  with  water  at  20'  C,  taken  as  100. 


Exactly  DO  c.c,  ('=S0Knii8.)  of  water  a 
"     '        '  ■  '    TO*  C.,  and  mixed  wi 
nlll  into  the  water  e 
mle  aa  into  on  oil,  but  the  experiment  i«  not  so  easy,  a 


pipette,  brought  to  SO*  C,  i 


Tlic  ncid  ii 


I  delivered  into  the  beaker  from  a 
sed  with  10  cc.  of  sulphuric  ncid  also  at 
eiactly  in  the  tame  way  and  at  the 
,  uent  ifi  not  so  easy,  as  in  stirring  tlie 
vratec  and  acid  loguther  in  the  ahaence  of  a  hihric»nt  one  is  very  apt  to 
orack  the  b«akur,  anil  the  temperature  with  wal«r  Joes  not  remain  for  aonie 
time  dtationary  at  the  maximum,  as  with  oil,  hut  quickly  b^ns  to  fall. 
Having,  however,  successfully  made  the  experiment,  preferably  in  duplicate, 
the  oil  18  tested  in  the  same  way  and  in  the  same  beaker.  The  reauft  with 
uil  is  Uum  divided  tiy  the  mean  result  with  water,  and  the  quotient, 
mnttiplin)  by  100,15  the'Spteific  Temperature  Batetion.'  Table  LXXIII., 
by  Thomson  and  Ballautyne,  sbows  the  ceGults  tbey  obtained  by  operating 
in  this  way  with  atidd  of  three  different  strengths. 

Thointum  and  Ballantyne  found,  when  testing  the  same  sample  of 
nlivc  oil  in  two  diH'ercnt  beakers,  one  3  iiichcB  and  the  other  4  inohcs 
in  height,  but  iKjth  2  inches  in  diameter,  that  the  temperatnre  rose 
2  dega.  higher  in  the  taller  beaker ;  the  same  difference  was  observed 
with  water ;  therefore,  in  whichever  beaker  the  oiperimonts  were 
made,  the  apfcifio  tcmpiaratnre  reaction,  calculated  from  the  thermal 
effectM  with  water  and  oil  in  the  same  beaker,  were  almost  identical, 
thit  ligurcs  being  93'S  and  93'tj. 

Juur.  Soc.  CA<ni.  /a-i.,  i.  (IBBiJ,  Ji.  U38. 
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\'cci  lie:  j:i==i£  t&]:i«  mar 


7..1I.* 

T  ■     "i 

j4CLII«  TuiK 

I^dneTatae 
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^skKiaiMl  fmfii 

'  m  Laq^K    'L 

r^na^  T^ne 

Ike  <«lpli«nc  Acid 

f    »«- 

9  •  1"C. 

•',    '. 

VfiT. 

i«e-7 

99^4 

,     2 

loe-a 

103^ 

101-4 

-  :j 

103-1 

102-4 

101-9 

..  ^ 

IV/-7 

104-8 

106-6 

K>4-6 

105-4 

104-3 

^  « 

l^J«-2 

105-9 

1060 

«   7 

lOB'l 

1080 

109*9 

H      '^ 

109-4 

110-1 

111-4 
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the  fact  that  the  multiplier  in  the  latter  case  is  more  than  three  times 
as  large  as  in  the  former. 


O.— OXIDATIOH  AHD  OUlOaNO  OF  LUBKICATINO  OILS. 

I.  Fixed  Oils. — No  absolute  quantitative  method  of  determining 
the  oxidizing  properties  of  lubricating  oils  is  known.  The  behaviour 
of  the  different  fixed  oils  when  exposed  in  thin  films  to  the  air  at  the 
ordinary  or  a  slightly  elevated  temperature,  leads  to  their  classification 
in  three  divisions,  viz.  : — (1)  drying  oUsy  which  by  oxidation  soon 
solidify  to  a  varnish  and  therefore  include  the  paint  oils ;  (2)  so-called 
nonrdrying  oilsj^  which  remain  fluid  for  long  periods  and  comprise  the 
best  lubricating  oils ;  and  (3)  semi-drying  oilSy  which  form  an  inter- 
mediate class,  drying  but  slowly,  yet  too  oxidizable  to  be  well 
adapted  for  lubricating.  Rape  oil,  however,  which  is  the  least 
oxidizable  of  the  semi-drying  oils,  is  largely  used  as  a  lubricant  by 
large  consumers,  owing  to  its  comparatively  low  cost. 

In  the  examination  of  olive  oil,  lard  oil,  sperm  oil,  and  other  well- 
known  lubricating  oils  belonging  to  the  non-drying  class,  also  fats 
such  as  tallow,  it  is  as  a  rule  sufficient  to  prove  the  absence  of  adul- 
terants belonging  to  the  drying  and  semi-drying  classes  by  means  of 
the  ordinary  physical  and  chemical  tests,  paying  special  attention  to 
the  iodine  value,  which  is  increased  by  the  presence  of  the  more 
easily  oxidizable  oils.  But  with  rape  oil  the  case  is  different. 
Genuine  rape  oils  differ  considerably  in  gumming  properties,  and  a 
special  oxidation  test  is  not  oidy  useful  but  practicable,  as  rape  oil 
is  sufficiently  oxidizable  to  give  a  decided  result  in  a  reasonable  time. 
The  following  simple  comparative  test  is  usually  made  : — 

(a)  Watch-glass  Test.- -I  grm.  of  the  sample  of  oil  is  weighed  on  a  watch- 
glfl^  the  same  weight  of  a  standard  sample  is  weighed  on  another  watch- 
glass  of  the  same  curvature,  and  the  two  glasses  are  placed  side  by  side  in  a 
boiling-water  oven,  where  they  are  left  undisturbed  for  a  certain  number 
of  hours.  A  good  practice  is  to  place  the  glasses  containing  the  oils  in  the 
oven  at,  say,  5  p.m.,  and  take  them  out  at  9  a.m.,  i.e.  after  an  interval  of 
sixteen  hours.     The  condition  of  the  oils  is  then  examined  when  cold. 

Tested  in  this  way,  and  using  1  grm.  of  the  substance,  rape  oil  of 
the  very  best  quality  does  not  dry,  and  does  not  appear  to  have 
thickened  much  when  caused  to  flow  by  inclining  the  glass ;  inferior 
samples  will  have  crept  up  and  formed  dry  spots  on  the  sides  of  the 
glass,  and  most  rape  oils  will  have  thickened  more  or  less  considerably. 
The  result  of  this  test,  considered  in  conjunction  with  the  physical 
and  chemical  data,  is  of  considerable  assistance  in  judging  the  quality 
of  rape  oil. 

^  LiTiche  has  shown  (/our.  Soe.  Chem.  ItuL,  xiv.  (1895),  p.  811)  that  all  flzed 
oils,  whflther  vegetable  or  animal,  and  even  fats,  if  exposed  to  the  air  at  a 
■nflloientl^f  high  tempenture  (120*'-160''  0.),  sooner  or  later  dry  up,  forming  a 
sdid  eUstio  product  sunilar  to  that  obtained  from  the  drying  oils. 


2M  lcvucahok  asd  lubeicakts. 


TW  sune  test  is  aomgtimes  isefol  in  tlie  examination  of  olire  oil. 
In  tiiB  case  0^  grm.  siioaki  be  used  fw  the  test,  the  other  conditions 
remaining  the  same.  Good  olire  ofl  wiU  diai^  Teiy  little  in  sixteen 
hams :  ii^enor  otL  dark  green  or  greenish  brown  in  colour,  will  thicken 


The  object  of  using  a  weighed  qnantitr  of  oil  is  merely  to  ensure 
uniform  oooditioDs,  equal  weights  of  (m1  in  glasses  of  the  same 
curvature  exposing  the  same  surface  area ;  it  is  not  worth  while  to 
attempt  to  get  more  out  of  the  test  bj  weighing  the  oil  after  exposure, 
as  the  changes  in  weight  due  to  oxidation  are  smaU  and  erratic,  some 
of  the  products  of  oxidatkm  being  volatile  at  100*  C;  they  are  also 
affected  by  Tarial^e  traces  of  moisture  in  the  oils,  and  no  satisfactory 
result  is  thus  obtained.     (See  LiTache's  test.) 

(b)  Film  Test. — A  less  simple,  but  for  some  purposes  a  better  test 
than  the  above,  is  made  by  exposing  the  oil  in  a  film  on  a  glass  plate 
at  a  temperature  of  50*  C.  It  is  not  easy  to  obtain  continuous  films, 
nor  films  of  uniform  thickness,  and  unless  they  are  uniform  the  results 
are  not  comparable.  The  least  trace  of  moisture  on  the  surface  of 
the  glass,  even  the  film  of  moist  air  condensed  on  all  apparently  diy 
cold  surfaces,  causes  scxne  oils  to  draw  up  into  irregular  patches  and 
drops.  This  may  be  avoided  by  first  heating  the  glass  strongly  and 
painting  it  with  the  oil  while  still  hot. 

Pieces  of  plate  glass,  say  3  inches  square  and  ^  inch  thick,  are  carefully 
cleaned,  wiped  dry,  and  weighed.  Each  glass  is  numbered,  and  its  approxi- 
mate u-eight  is  marked  on  a  card.  The  glasses  are  first  heated  in  an  air-oven 
to  200^  C.  for  about  half  to  one  hour,  then  taken  out  and  laid  upon  pieces 
of  cork.  As  soon  as  they  have  cooled  down  to  about  100",  the  upper  surface 
of  each  is  thinly  painted  over,  by  means  of  a  dean  camel-hair  brusn,  with  the 
oil  to  be  tested,  and  the  glasses  are  then  left  to  become  quite  cold.  When 
cold  thev  are  placed  again  on  the  balance,  and  more  oil  is  dropped  upon  the 
centre  oi  each  plate  until  exactlv  01  grm.  has  been  made  up.  The  plates 
are  then  laid,  with  the  oiled  sides  upwards,  upon  a  levelled  sheet  of  plate 
glass,  in  an  oven  furnished  with  a  regulator  by  which  the  temperature 
can  be  maintained  at  the  temperature  of  50"*  C.  The  oil  last  added  will 
gradually  spread  over  the  sunace  of  the  glass.  At  intervals  of  a  few 
hours  the  plates  are  removed  from  the  oven,  allowed  to  cool  down  to  the 
temperature  of  the  laboratory,  and  the  condition  of  the  oil  tested  by  touching 
witn  the  finger. 

Even  with  the  precautions  above  stated,  the  film  will  be  thicker  in 
some  parts  than  others,  and  will  not  always  dry  at  a  uniform  rate ; 
but,  by  making  duplicate  tests,  very  fairly  comparable  results  may  be 
obtained.  As  a  result  of  several  tests  made  in  this  way  it  has  been 
found  that  refined  cottonseed  oil  dries  to  a  varnish  in  from  eighteen 
to  twenty-four  hours,  refined  rape  oil  requires  about  forty-eight  hours 
to  dry  to  the  same  extent,  whilst  olive  oil  does  not  dry  up  in  thirteen 
days. 

The  following  results  by  Uolde  ^  were  obtained  by  spreading  '  1 

^  Die  UnUrmiiChwkg  der  SehmienniUel,  p.  98. 
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pusiag  to  air  at  50°  C.  for  twenty-four  hoiira.     The  film  thus  obtaine( 
would  be  thinner  tliaii  that  formed  iu  tbe  above-described  test,  am 
tuight  be  eipect«d  to  drj-  more  qiiickiy. 

Table  LXXV.— Effect  of  Ekpositiq  some  Fixed  Oils  in  ram 
Films  to  Air  at  SO'  C.  {HoliU). 

Kind  of  OU. 

U  Boun'  Eipaanre. 

Kind  Of  OU. 

Odoilgleoce  Bttir 
i4Biian'Eiponir«. 

Bono iM. 

AlDDDdDll.    .        . 
Cnide  npt  oil.       . 

Sellnod  r*p«  all,   . 
While  oil,      ,        . 

UuoluiiBed. 

irnchuRed,  or 

twrepUbl;  tblckeniid. 

piimpUbly  Utlcksned, 

toKlekT. 

SUcky,  10  dry. 
nilBter.  toillety. 

Uiuludoll,  . 
EartHnutoll. 
Seumt  oil,     . 
Cflttonind  oil,      . 
BunBoiTBr  oil, 

Esr.«*   :    : 

Cod-ll.eroll, 
Tr«ln  oil. 

»tl(ikr,  t«  diT. 

(e)  Livache's  Teflt.     Increase  of  Weight  by  Oxidation.— Any      ^H 
attempt  to  meflsiire  the  rate  of  oxidation  of  fixed  oils  by  ascertaining       ^^| 
the  increase  of  weight  at  elevated  temperatures  is  mot  by  the  difficulty       ^^H 
that  some  of  the  products  of  oxidation  are  volatile.     Thus  Kissliug '       ^H 
found,  by  pasi^ng  air  through  Unseed  oil  beatod  to  100°  C,  that,       ^H 
of  O'ST  per  cent,  of  oxygen  taken  up  dally,  0'46  per  cent,  was  carried       ^^M 
away  iu  the  form  of  volatile  acids  of   tbe    methane   series,  carbon       ^^M 
dioxide,  and  other  prixlucts.     Experimeuts  by  tbe  same  author  on        ^^M 
oils  exposed  to  the  air  at  100-105°  C.  in  clock  gloBses  showed  that        ^M 
the  loss  of  weight  by  volatilization  frequently  exceeded  the  gain  of       ^^M 
weight  by  oxidation.     On  the  other  band,  the  gain  of  weight  at  the        ^^M 

praatiaal  test.                                                                                                       ^^M 

Livache^  however,  has  shown  that  the  rate  of  oxidation  is  greatly       ^^M 

accelerated  by  mixing  tbe  oil  with  finely-divided  copper,  tin,  or  lend,       ^H 

tbe  latter  givmg  tbe  best  results.                                                              ^^M 

The  lead  u  prepared  from  solution  of  a  lend  salt  by  precipitation  wiLb       ^H 

and  drying  in  vacuo.    About  1  grm.  of  the  drv  powder  is  Eprcad  out  on  a       ^^^| 

Qi  gna.  but  not  excevding  O'T  grm.,  of  Uie  oil  is  Bpoited  over  it  from  a       ^^M 
pipette,  taking  care  that  the  dropa  do  not  run  into  one  another.    The  whole       ^H 
u  then  weigbed  and  allowed  Co  remain  expueed  lo  light  aud  air  at  tbe       ^H 
onlinar?  temperature.                                                                                           ^^H 

Drying  oiIb  tested  in  this  manner  commence  to  gain  weight  rapidly,      ^^H 
dryitig  uib  must  be  left  for  fvhj  seven  days  before  any  useful  rosidt    ^^^^ 

'  Jmr.  Hoc  Clitm.  tnd.,  xiv.  (ISSb).  V'  i1«'                       ^^^^^^k 
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is  obtained.  Evidently,  this  test  is  unsuited  for  the  systematic 
examination  of  lubricating  oils,  though  it  may  be  found  useful  in 
special  cases. 

Livache  obtained  the  following  results : — 

Table  LXXVI.— Increase  of  Weight  of  Oils  by  Oxidation. 


Percentage  Increase  of  Weight. 

Kind  of  Oil. 

Of  Oil  after 

Of  FaU7  Acids 

after  8  Months. 

TwoDayi. 

Seven  Days. 

Linseed  oil,    .... 

14-3 

•  •  • 

11-0 

Walnut  oil,     . 

7-9 

•  •  • 

60 

Poppy  seed  oil, 

6-8 

•  •  • 

3-7 

Cottonseed  oil, 

5-9 

0-8 

Beech  nut  oil. 

4-3 

•  •  • 

2-6 

Colza  oil, 

nil. 

2-9 

2-6 

Rape  oil. 

)) 

2-9 

0-9 

Sesam^  oil,     . 

,, 

2-4 

20 

Arachis  oil,    . 

,, 

1-8 

1-3 

Olive  oil. 

» 

1-7 

0-7 

(d)  Bishop's  Test.^ — Bishop  has  modified  Livache's  test  by  dissolv- 
ing manganese  resinate  in  the  oil  to  be  tested  and  using  an  inert 
absorbent,  viz.  ignited  silica,  instead  of  spongy  lead. 

Purified  manganese  resinate  is  prepared  by  digesting  the  coramercial 
article  in  ether,  filtering,  distilling  oflf  the  solvent,  and  powdering  the  diy 
residue.  Two  per  cent,  by  weight  of  this  is  added  to  5-10  gnns.  of  the  oil 
previously  weighed  in  a  beaker,  and  the  mixture  Ls  heated  on  the  water-oven, 
with  occasional  agitation,  mitil  the  resinate  is  dissolved  (taking  five  to  ten 
minutes) ;  it  is  then  allowed  to  cool. 

1  grra.  of  freslily  ignited  precipitated  silica  is  next  weighed  in  a  flat- 
bottomed  capsule  of  5*5  cm.  aiameter,  containing  a  small  glass  rod,  and  as 
nearly  as  possible  1*02  grm.  of  the  mixture  (1  grm.  oil-|-0'02  grm.  resinate) 
is  distributed  from  a  fine  pipette  in  small  drops  all  over  the  surface.  The 
whole  is  then  weighed.  The  oil  and  silica  are  intimately  mixed  by  means 
of  the  glass  rod,  the  mixture  is  spread  out  in  a  layer  of  uniform  tnickness 
all  over  the  bottom  of  the  dish,  then  exposed  to  air  at  20"  to  30'  C,  and 
weighed  at  intervals  of  six  hours.  After  each  weighing,  the  contents  of  the 
dish  are  stirred  afresh. 

In  this  test,  oxidation  takes  place  most  rapidly  within  a  limited 
range  of  temperature,  which  is  not  necessarily  the  same  for  each  oil. 
Thus,  between  17*"  and  28*  C.  linseed  oil  reached  the  maximum 
weight  in  from  twenty-four  to  thirty  hours  from  the  commencement ; 

^  MonU.  SciefU.,  1896,  259. 
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after  that  there  was  a  gradual  loss  of  weight.  Hempseed,  poppyseed, 
walnut  and  cottonseed  oils  reached  the  maxima  in  from  twenty-four 
to  twenty-eight  hours  at  22'-28°  C,  whilst  sesamd  oil  at  the  same 
temperature  took  from  seventy-two  to  ninety-six  hours.  Arachis  oil 
increased  6*7  per  cent,  in  weight  in  ninety-six  hours  at  14°-34'5*  C; 
another  sample  gained  only  4*8  per  cent,  in  144  hours  at 
17'-23*  C.  Ck)lza  and  olive  oils  gain  weight  very  slowly;  although 
a  change  is  perceptible  within  twenty-four  hours,  the  maximum 
is  not  reached  for  many  days  or  even  weeks.  Experiments,  how- 
ever, showed  that  the  adulteration  of  olive  oil  with  oils  of  more 
strongly  marked  drying  character  caused  the  most  marked  effect  in 
the  first  twenty-four  hours.     See  Tables  LXXVII.  and  LXXVIII. 


Table  LXXVII.— Change  of  Weight  (per  cent.)  by  Oxidation 

OF  Colza  Oil  (Bishop). 


Number  of 
Hoan  Exposed. 

Colza  OU  (French). 
Sp.  Or.  0-9U2  at  15'  C. 

Coin  Oil  (In<ilui). 
8p.  Gr  0-9187  at  16*  C. 

Temp.  28*-20'. 

Temp.  20*-16'. 

Temp.  28'-20'. 

Temp.  20M6*. 

6 

22 

24 

30 

48 

72 

96 

192 

288 

432 

-0-20 
+  2-25 
3*20 
4-00 
4-90 
6-60 
6-80 

•  •  • 

6-40 

•  •  • 

-010 
+0-30 
0-60 
1-80 
4-20 
• . . 
5-60 
5-80 

•  •  • 

6-40 

-0-20 
+  110 
1-90 
2-90 
3-80 
4-50 
500 

•  •  • 

6-80 

•  •  • 

-0-10 

±0-0 

+0-20 

0-90 

3-40 

•  •  • 

4-70 
510 

•  •  • 

5-90 

This  test  deserves  further  investigation  in  connection  with  lubricating 
oils. 

(e)  Oxygen  Absorption  Test. — Angus  Smith  ^  in  1870  used 
the  following  test  in  examining  some  samples  of  rape  oil  intended 
for  lubricating : — A  measured  quantity  of  the  oil,  from  3-5  c.c, 
was  confined  over  mercury  in  a  graduated  tube  filled  with  oxygen. 
Absorption  took  place  slowly  but  steadily  during  twenty-two  days, 
when  the  experiment  was  stopped  and  the  total  volume  of  gas  read  off. 


100  cc.  of  oil  No.  1  absorbed  37*8  c.c. 
No.  2  „  47*8  cc. 
No.  3        «,        25'5  C.C. 


» 


» 


n 


II 


Ratio. 
148 
187 
100 


'  Private  report 
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Tabli  LXXVIII.— Chakom  of  WxiaHT  (per  cbht.)  by  Ozisatiok  or 
Pdrk  akd  Uizbd  Ouvi  Oil  (K«Aop). 


Nuibetor 
llonn  EipoMd. 

01,. 

OIL    Bp.  Or.  O^IU  Bt 

U.-C. 

PU„. 

-«-»>!:  AnchliOU. 

TMOp.  IC-94'V. 

Tunp.  If^B-. 

Tomp.  U'-J4-V. 

24 

-I-0-80 

+  1-76 

+3-36 

48 

3-40 

S'OO 

4-SB 

72 

3-40 

4-00 

4-80 

144 

470 

4-70 

5-60 

364 

630 

5-B5 

6-06 

24 

Temp,  ir-a: 

TMnp.  iT-sr. 

TMDp.  ir-B-. 

-0-30 

-0-30 

-0-30 

48 

-0-20 

-0-SO 

+0-50 

72 

+  090 

+  1-70 

2-90 

U4 

2-20 

310 

3-60 

264 

2-30 

3-5U 

3-90 

)itry  oF  Bioliop's  results  ia  given 
Tabi^  LXXIX. 


1  the  following  table  > 


^^^. 

Incnuaot 
Weight  PmCrat. 

virsi  1 

Linseed  oil  (French),      . 

0-8327 

17-70-16-4O 

17-06     1 

(La  Plata), 
Rerapeeed  oil. 

0-9304 

16-46-16-00 

15-20 

08287 

14-56-14'30 

14-40     , 

Poppyseed  oil  (French), 

0-924 

14-50-13-90 

14-20 

Walnut  oil,    . 

Cottoneeed  oU, 

0-924 

8-60 

8-60     1 

(chilled), 

0923 

9-60-  9-30 

9-46 

Se«ai..;  oil  (Senegal), 

0-9215 

8-96-  8-60 

8-70 

„       (IndiS.), 

0-921 

7-40 

7-40 

ArachiB  oil  (African), 

0016 

0-916 

6-60 

6-60     ! 

CoIm  oil  (French), 

09142 

6-40  T 

640t  ' 

„          Indian^ 

0-0137 

6-90-  6-eo  1 

5-86!  , 

Oli«oil,       .       . 

0-9185 

6-301 

6-30 1  1 

The  volumes  of  oxygen  absorbed  in  the  firBt  forty-eight  houre  were 
approximately  in  the  same  ratio.  Augiia  Iriraith  considered  that  the 
lubricating  value  of  these  samples  would  be  in  the  inverse  order  of 
their  oxygen-absorbing  power. 
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Fox  ^  has  described  the  following  method :  About  1  grm.  of  the  oil 
is  sealed  up  with  0*5  grm.  of  precipitated  lead  in  a  glass  tube  having 
a  capacity  of  about  100  c.c.  The  whole  is  then  heated  in  an  oil-bath 
for  several  hours  at  105'  C,  when  the  amount  of  oxygen  absorbed  is 
determined  by  noting  the  decrease  in  volume  of  gas  in  the  tube.  The 
following  results  were  thus  obtained  : — 


Kind  of  OU. 

c.c.  of  oxygen  absorbed  by 
1  grm.  of  ofL 

Linseed  oil, 

Cotton  Reed  oil, 

Rape  oil  (brown), 

Gol7A  oil, 

Olive  oil, 

126  to  191 

24-6 

200 

17-6 

8-2-8-7 

Bach,2  following  Fresenius,  used  a  similar  method,  omitting  the 
lead.  A  known  quantity  of  oil  was  heated  for  ten  hours  with  oxygen 
in  a  sealed  tube  of  100-125  c.c.  capacity  in  an  air-bath  at  110'  C. 
The  point  of  the  tube  was  then  broken  under  water  and  the  absorbed 
oxygen  calculated  from  the  volume  of  water  drawn  in.  The  results 
given  in  Table  LXXX.  were  thus  obtained. 

Table  LXXX. 


Kind  of  Oil. 

c.c.  of  oxygen  absorbed  by 
1  grm.  of  oil. 

Rape  oil, 

Olive  oil, 

Cottonseed  oil, 

Rosin  oil, 

Rosin    oil,  redistilled,    so-called  *cod  oil' 

(Lewkowitsch), 

Mineral  lubricating  oil  ('865), 
„                „              ('877), 

Russian  mineral  oil, 

Cylinder  and  valve  oils,        .... 

166 
144 
111 
181 

96-3 
4-8 
•7 
•74 
•10--45 

Holde^  describes  the  following  method.  From  1-1*5  grm.  of 
freshly-ignited  pumice  stone,  in  grains  about  the  size  of  mustard-seed, 
is  placed  in  a  glass  tube  30-40  cm.  long  and  20-30  mm.  in  diameter, 
sealed  at  one  end,  and  from  0*3-0*5  grm.  of  the  oil  is  slowly  dropped 
on  to  the  pumice  from  a  tared  beaker ;  the  exact  weight  added  is 
ascertained  by  weighing  the  beaker  afterwards.     The  open  end  of  the 

»  Analyst,  viii.  (1883),  p.  116. 

«  Jour.  Soe,  Chem  Ind.,  viii.  (1889),  p.  990. 

'  Die  l/nUrsuchung  der  Schmiermiitel^  pp.  96  and  100. 
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tub«  having  been  drawn  out  and  Bllowed  to  become  cold,  the  nlr 
displaucd  by  oxygen  and  the  tube  is  quickly  sealed  with  a  fine  Wow 
pipe  flame.     After  heating  in  a  water-bath  for  several  hourm  the  et 
nr  the  tube  IB  brokeu  off  under  water,  and  the  rolume  of  oxygi 
absorbed  ifi  measured.     The  most  suitable  temperature  and  tixue  i 
heating   dopeud    upon  the  kind  of  oil  exjieriuieutod   upon.     TltrM 
hours'  heating  in  a  boiling-water  bath  were  given  In  the  ciperinieut* 
the  R'Bulta  of  whiuli  are  recorded  in  the  following  table : — 

Tablb  LXXXl. 


DetcHptlon  ol  Oil. 

e.o.  of  am«i.  ndnced  to  «r  C,  uil  700  ma.. 

Bln^VaKiM. 

TklDB. 

Coltoiueed  oa,  .... 
Brown  rape  oil,  ,        ,        ,        . 

Olive  oil, 

Mixture  of  bone  oil  and  refined 

rape  oil, 

Mixture  of  bone  oil  and  refined 

rape  oil, 

Sperm  oU 

Sperm  oil, 

68-7 

45-5 ;  49-7 

33-3 ;  340 

32-1  ;  281  ;  330  ;  28-0 

(299) ;  24-7  ;  220 ;  22-2 
24-S  i  23-9 ;  25-3  ;  244 
183  :  ia-6;  14-2 

68-7 
47-6 
33-7 

30-3 

23-0 
24'fi 
16^1 

II.  HiDeralOils. — Although,  ob  is  shown  by  Bach's  eipertoietits,' 
mineral  lubricating  oils  are  able  to  absorb  small  quantities  of  oxygeD 
when  heated  with  it,  the  amount  of  oxidation  which  occurs  under 
ordinary  conditions  with  good  mineral  oils  is  practically  nil  The 
thickening  or  '  gumming '  of  such  oils,  when  it  does  occur,  ta  due 
chiefly  to  the  evaporation  of  the  more  volatile  hydrocarbons  and  the 
concentration  of  asphaltic,  resinous,  or  tarry  matters  in  the  residue. 
Uumming  is  most  marked  in  the  case  of  the  dark  residuum-containing 
oils  used  for  railway  and  rough  work  ;  the  retined,  pale  and  chatiMal- 
filtered  oils,  from  which  the  resinous  and  asphaltic  constituents  have 
been  removed,  undergo  scarcely  any  change  except  a  thickening  due 
to  evaporation  when  heated.  Useful  iuformation  may,  nevertheless, 
be  obtained,  when  comparing  one  mineral  oil  with  another,  by  heat- 
ing 1  grm.  in  a  sliallow  dish  in  a  water-oven  for  several  days.  Some 
mineral  oils  deposit  carbon  and  become  thick  aud  sticky  when  thus 
tested. 

The  results  of  experiments  by  Holde,'  who  has  paid  considerable 
attention  to  this  subject,  are  contained  in  Tables  LXXXll.  (A), 
LXXXIII.  (B),  and  LXXXIV.  (C),  which  show  the  behaviour  of  some 
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mineral  lubricating  Dils  tested  hy  liim  when  exposed  to  the  air  in  thin 
and  thick  layers  at  temperatures  of  50°  and  100°  C. 

In  Tahle  A  (p.  274)  the  behaviour  of  pale  refined  oils  is  compared 
with  that  of  dark  'reduced' oils,  and  the  greater  tendency  of  the  latter 
to  thicken  and  form  sticky  or  'gummy '  residues  will  be  observed. 

The  results  iu  Table  B  (p.  2TS)  are  intended  to  show  the  behaviour 
of  very  asphaltic  Himigsen  petroleum  in  its  crude  Btate  and  also 
after  the  extraction  of  part  of  the  tarry  matter  by  petroleum 
spirit  and  alcohol-ether. 

In  Table  C  (p.  276)  quantitative  results  are  given,  showing  the 
amount  of  evaporation  resulting  from  the  exposure  of  mineral  oils  to 
100°  C.  for  several  months  in  thicker  layers  {0'21-0-24  grm.  of  oil  with 
a  surface  of  about  75  aq.  cm.).  The  pale,  very  ftuid,  and  nou-resinoua 
'  paraffin  oil,'  No.  5,  from  the  lowest  lubricating  oil  fractions,  gradually 
evaporated  in  the  course  of  fifteen  months,  without  leaving  a  trace  of 
resin  behind ;  the  more  viscous,  brownish-yellow  '  motor '  oil  left  a 
small  solid  residue,  consisting  partly  of  resin  originally  contained  in 
the  oil  and  partly  (as  the  dark  colour  of  the  residue  and  its  insolubility 
in  petroleum  spirit  proved)  of  oxidized  hydrocarbons  formed  during 
the  healing.  The  very  viscous  oil  No.  7,  consisting  of  a  distillate  of 
very  high  boiling-point,  evaporated  and  dried  very  little ;  the  same 
oil,  partly  deresinified  by  treatment  with  alcohol,  dried  still  less. 
The  oils  wliiuh  dried  most  were  the  residuum-containing  oils  Nos.  1  to 
4,  of  which  again  those  purified  with  alcohol-ether  dried  less  than  the 
untreated  oils.  The  Russian  oil  No.  1  contained,  as  the  viscosity 
shows,  lower  boiling  hydrocarbons  than  No.  7,  and  therefore,  although 
it  resinified  more  quickly  than  the  latter  oil,  the  residue  wae 
essentially  more  fluid.  All  the  resinous  residues  left  by  heating 
mineral  oils  are  incompletely  soluble  in  petroleum  ether,  even  though 
the  original  unheated  oils  (as  Nos.  6-8)  may  have  been  completely 
soluble ;  these  residues  are,  however,  easily  soluble  in  benzene. 

Holde  summarizes  the  results  of  his  experiments  as  follows : — 
When  exposed  to  the  air  in  thin  films  (1  drop  of  oil  on  a  5  x  10  om. 
glass  plate)  the  pale  and  dark-coloured  distilled  mineral  oils  do  not 
reainify  after  several  months'  exposure,  either  at  the  ordinary 
temperature  or  wheu  heated  to  50°  or  100°  C.  Dark  residiuim- 
containing  oils  by  long  exposure  at  ordinary  temperatures  resinify  very 
Uttle,  but  at  50*-100  C.  a  marked  thickening,  and,  with  very  tarry 
oils,  even  complete  resin ification,  occurs,  whilst  the  greater  proportion 
of  the  fluid  hydrocarbons  evaporate,  and  the  remainder  oxidize, 
adding  to  the  tarry  and  asphaltic  contents  of  the  residue. 

In  tliicker  layers  (0'2O-0'25  grm.,  exposing  a  surface  area  of  75 
sq.  cm.),  the  pale-coloured,  non-resinous  distillates  do  not  resinify 
even  at  100'  C,  but  the  dark-coloured  distillates,  containing  1-3  per 
cent,  of  resin,  leave  partly  resinous  residues.  Dark  residui 
containing  oils,  similarly  treated,  yield  sticky  or  solid  products,  even 
after  the  first  few  months,  and  after  fifteen  months  the  residues  are 
quite  hard  aud  pitchy. 
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Table  LXXXII.  (A).— Changes  umdbroome  by  Minirai* 

(*1  drop '  of  Oil  gpT«d 


No. 


Description. 


Colour. 


Relative 

BfflazTime 

at20*C. 

(Engler), 

Wftter-l; 

Refined  Rape 

oilBl2*i. 


PALI  Oils  ;  transparbmt  in  16  mm.  tubi. 
So-called  '  paraffin  oil/  .    Colourless 


6 


8 


American  '  motor '  oil, 


Russian  heavy  machine  oil, 


Heavy  machine  oil,     . 


Reddish-brown, 
fluorescent 


Reddish-brown 


Light  coloure4 


»» 


i> 


>> 


Russian  heavy  machine  oil,  .  .  i  Reddish-brown 


0 
10 

11 
12 

13 


Dark  Oils  ;  opaqdb  in  6  mm.  tubk. 
Russian  axle  oil, 

Axle  oil,   .... 


Lubricating  oil, 


6-9 


11-8 


27-6 


06*4  at  15*  C. 


88-0 


86*0 


42*9 


6*2  at  60*  C. 


45*5 
46  0 

870 
87-6 

80*6 


Specific  Gravity 
at  20*0. 


0*866 


0*904 


0-890 


0-908 


0*908 


0*905 


0*904 


0*906 
0*906 

0*907 
0*908 

0*985 


Flashing-potoi 

*C. 

P-Peuky 

Closed  Cap. 

O-OpenCop. 


158*  P 


tSSTT 


206'P 


IWP 


196' P 


isrp 


186*P 


176*0 
178*0 

164*0 
170*0 

16rP 
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iicATiNG  Oils  when  heated  in  thin  Layers  (Holde). 
5x10  cm.  Glass  Plate.) 


Condition  of  Oil  Film  after  heating  to 

50*  C. 

100*  C. 

loon. 

140  Hours.        190  Hours. 

800  Hours. 

86  Hours. 

70  Hours. 

120  Hours. 

800  Hours. 

t    com- 

as  before. 

mere  trace  of 

•  • 

all  but  traces 

completely 

■  • 

•  • 

ly  evap- 
d;  resi- 

oily  residue. 

evaporated. 

evaporated. 

»ily. 

much 

all  but  traces 

as  before. 

•  • 

greater  part 

as  before. 

mere  trace  of 

•  • 

>rated, 

evaporated ; 

evaporated ; 

oily  residue. 

ipiibly 

residue  oily. 

residue  oily. 

ened. 

anged. 

unchanged. 

much     evap- 
orated ;  resi- 
due oily. 

as  before. 

greater  part 
evaporated ; 
residue  oily. 

all  but  trace 
of  oily  resi- 
due    evap. 
orated. 

•  • 

•  • 

evap- 

greater    part 

as  before. 

as  before. 

greater  part 

as  before. 

all  but  oUy 

•  • 

d,  other- 

evaporated ; 

evaporated ; 

traces  evap. 

un- 

residue  oily. 

residue  oily. 

orated. 

{ed. 

anged. 

much     evap- 
orated ;  resi- 
due oily. 

as  before. 

the     greater 
part     evap- 
orated ;  resi- 
due oily. 

•  ■ 

•  • 

•  • 

•  • 

anged. 

much     evap- 
orated ;  resi- 
due oily. 

as  before. 

the     greater 
part     evap- 
orated ;  resi- 
dae  oily. 

•  • 

greater  part 
evaporated; 
residue  oily. 

•  • 

•  ■ 

anged. 

•  • 

partly    evap- 
orated ;  resi- 
due oily. 

the      greater 
part     evap- 
orated; resi- 
due oily. 

•  • 

•  • 

■  • 

■  ■ 

evap- 

the     greater 

all  but  traces 

•  • 

greater  part 

all  but  traces 

•  • 

•  • 

1,    but 

part     evap- 

evaporated; 

evaporated ; 
residue  oily. 

of  oily  resi- 

le oily 

orated  ;  resi- 

residue oily. 

due    evap- 

nn. 

due  oily. 

orated. 

;ed. 

much 

much  thicker 

largely  evap- 

much     evap- 

barely fluid. 

as  before. 

still  lessfluid. 

sticky. 

JT. 

orated.much 

orated,  very 

very  slightly 

thicker. 

thick. 

sticky. 

much  much    thick- 

much    thick- 

mostly evap- 

• ■ 

. . 

•  • 

•  • 

ined  to    er,    slightly 

er,    slightly 
sticky. 

orated;  other- 

1 
1 

lightly 

sticky. 

wise  as  before. 

• 

much 

as  before. 

as  before. 

much     evap- 

almost  dry; 

■  • 

•  • 

•  • 

>ned. 

onited ;  oily. 

oily    when 
warm. 

much 

much     evap- 

as before. 

mostly  evap- 

barely fluid 

as  before. 

as  before. 

very     much 

med. 

orated,  con- 

orated ;  resi- 

to   slightly 

evaporated, 

siderably 

due  oily. 

sticky. 

otherwise 

thickened. 

as  before. 

much 

a  little  thicker 

much     evap- 

much    evap- 

sticky, barely 
fluid. 

barely  fluid, 

as  before. 

[176     hours) 

med. 

orated  ;       a 

orated;  thick 

very  slightly 

much  evap- 

little  thicker. 

to  sticky. 

sticky. 

orated,  and 
almost  solid 
even   w***" 

warr 
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Table  LXXXIV.  (C).— REBiNiwcATroH  of  Mh 


NuDbar. 

1. 

8. 

» 

DocriptioD. 

S"S 

wlthiloobol-«tbBr 

"^ir 

Ke1mU>«*fflnitiiHM 

tfS 

»,«.r 

FlUhlDg-pOiDt. 

m-c.{op™) 

161- C  (Paul 

WeUht  UkcD  (gm.). 

..»« 

o-nra 

Otitt 

AreiotcipoMdsurtMB 

Tim6ofhailli.g.7Sliou™ 
■t  100'  0.  Bvery  day 

Monlflf. 

i 
i 

ToUl 
Welgbt 

in™.). 

:"~^ 

LoMor 

Weight 

klld 

Appsannce. 

ToUl 
Lonof 
Weight 
term.). 

~3 

flnW 

0^ 

llnid 

OtOM 

*. 

0-05.1 

rixdd. 

0-OSM 

a«id 

0«SH 

■SS 

OOSM 

-S' 

o-oei9 

"JST' 

"""  IK 

34      1  O'o;i9 

1 
1 

(•■07W 

' 

™=    -a 

T^g" 

.. 

(■■0M4 
O-MTO 

■% 

»i 

0 1)778 

o-asoB 

pwtiUckjr. 
putgiMiy 

■IS 

greilerpart 
greuy 

(•■087S 

partrtkk,, 
putgMMir 

53-, 

16 

0-07M 

tan  WBn 

0-06SI 

thick  IcUr 

omt 

3ff 

rate 
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3  IN  THICK  Layers  at  100°  C.  (Holde). 


4. 


.  8,  deresinifled  by 
3ohol- ether  (4  : 3). 


6. 


Russian,  colourless, 

clear,  transparent, 

'paraffin  oil.' 


50 


6. 


7. 


American  brown-     I  Russian  red -brown 
yellow,  fluoresoent,  '     distillate,  made 
motor  oil.  in  laboratory. 


11-6 


16bk°  C.  {Pentky) 


0-2206 


0-2' 142 


19S'  C.  iPeruky) 


105-9 


No.  7,  deresinifled 

by  70  per  cent 

alcohol. 


U-24S0 


0-2170 


0-2148 


•tal 
IS  of 
ight 
m.). 


K)80 


M)96 


)121 


)130 


)150 


Consistence 

and 
Appearance. 


viscid 


Total 
Loss  of 
Weight 
(fi^rm.). 


Consistence 

and 
Appearance. 


partly  sticky 


partly  sticky 


partly  a 
thick  jelly 


n48 


n28 


ouso 


greater  part 

solid,  the  rest 

greasy 


009S8 

oily,  fluid 

01170 

oily 

01302 

01622 

oily 

01622 

0-1727 

oily, 

darkened  in 

colour 

0-1846 

traces  of  oily 
residue 

Totol 
Loss  of 
Weight 
(grm.). 


0-U124 


00262 


00458 


Consistence 

and 
Appearance. 


ToUl 
Loss  of 
Weight 
(grm.X 


00774 


aU  solid  and     01876 
resinous,  but 
softer  than  3 


traces  of  oily 
residue 


0*0952 


0-1114 


01304 


01533 


oily 

•  • 

•  • 

•  • 

•  • 

00024 

•  • 

0-0109 

•  • 

00173 

oily 

•  • 

greater  part 

waxy,  rest 

greasy 

0^15 

Consistence 

and 
Appearance. 


oily 


oily 


solid,  brown 


0-0330 


oily 


viscous  oil 


thick  Jelly, 

but  part 

solid 


Totol 
Loss  of 
Weight 
(grm.). 


Consistence 

and 
Appearance. 


oily 


0-0026 


0  0078 


0-0108 


00204 


thick  oily, 
partly  solid 


0-0272      viscous, 
partly  solid 


\ 


206 


Mking 

niixtuT 

nr*t  it 

legree. 

t'.me  I 

-:ati«»ii 

-late? 

tiuall.^ 

liirin 


*.r. 


'   ..    —     —     ". 


r   «. 


Il 

a  U£ 

luei 

refi 

as 

the 


i  "  . 


SOI 


'V: 


i-'i-»-  .V 


t 


•  -■  •    1 . .     .  - 

•■  ■.;■-■■  — . 


ij;- 


:;44< 


:  ?:ci::- 


•«..» 


Ki  ».• 


.<  ■: 


'  .  '  ■  •.  .-it  •■.• 


i:::.<j 


■  ■•*■> 


:!-.  '^t 


•i> 


itv  •>/  y 


4     .- 


•^5      #L>/rvii       (Mtss:?     tbhkjW' 


CREMICAL   PROPERTIES    KSh   KXTBOIS   OF   rr^iT^t  — '< 


! 

Iiurtly  itlck) 

-  ■  1 


O'lMfl  Itncuolallr 


278 


LUBRICATION  AND  LUBRICANTS. 


Table  LXXXIII  (B).— Behaviour  of  Crude  Haniosen  (Hanoverian) 

Petroleum  heated  to  60'  C.  (Holde), 

{'  1  drop '  of  Oil  spread  on  a  5  x  10  cm.  Glass  Plate.) 


Previous 
Treatment. 

Consistency 
at 

Number  of  Hours  heated  to  50*  C. 

81 

42 

70 

800 

None 

ordinary 
temperature 

very  sticky 

sticky,  solid 

•  • 

■  • 

40*-60" 

oily 

very  sticky 

■  ■ 

«  • 

Partly     freed 
from  asphalt  by 
petroleum  spirit 
Cbensine) 

ordinary 
temperature 

very  sticky 

very  sticky 

sUcky,  solid 

•  • 

40*-60* 

oily 

sticky,  scarcely 
oily 

sUcky,  solid 

•  • 

Purified  from 
asphalt  by  ben- 
sine,  and  from 
pitch  by  ether- 
alcohol 

ordinary 
temperature 

moderately 
sticky 

sUcky 

solid  and 
sticky 

viscid 

solid  and 
sUcky 

viscid 

40'-60' 

oily 

viscid 

P.- SPONTANEOUS   IGNITION  OF   OILY  MATERIALS. 

It  is  well  known  that  oily  rags,  oily  cotton  waste,  and  similar 
materials  are  liable  to  heat  and  take  fire  spontaneously,  and  that 
numerous  fires  have  originated  in  this  way ;  a  brief  discussion  of 
this  subject  is,  therefore,  of  importance  to  all  users  of  lubricants. 

The  oxidation  of  oils  is  a  process  in  which  heat  is  always  evolved, 
but,  under  ordinary  circumstances,  the  temperature  of  the  oil  is  not 
sensibly  raised,  because  the  heat,  which  is  evolved  slowly,  is  con- 
ducted aw^ay  as  fast  as  it  is  liberated.  When  the  rapidity  of  oxida- 
tion is  increased  by  blowing  air  through  a  large  mass  of  oil,  as  in  the 
manufacture  of  thickened  oils,  the  temperature  rises  considerably. 
Conditions  most  favourable  for  the  generation  of  heat  by  oxidation 
present  themselves  when  a  fibrous  substance  like  cotton  is  saturated 
with  oil  and  thrown  together  in  a  heap,  especially  in  a  warm  place. 
Under  these  conditions  the  oil,  spread  out  in  thin  films  on  the  cotton 
fibres,  presents  a  large  surface  for  oxidation,  and  the  heat  being  pre- 
vented from  escaping,  owing,  chiefly,  to  the  absence  of  convection 
currents,  raises  the  temperature  of  the  mass  and  thereby  promotes 
more  vigorous  oxidation,  which  leads  to  a  further  and  more  rapid 
development  of  heat,  until  finally  the  temperature  of  ignition  of  th^ 
mass  may  be  reached  and  it  bursts  into  flame. 
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The  subject  bos  been  experimentally  iiivestigatod  bj  Gellatly, 
Coieman,  Voung,  and  many  others,  by  saturattiig  balls  of  waste  fibre 
with  variouH  oils,  placing  tiiem  iu  a  cbamber  heated  to  213'  F.  or 
some  lower  temperature,  and  noting  the  time  taken  by  the  masa  to 
inflame.  The  results  obtained  hitve  shown  that  the  drying  oils,  such 
as  linseed,  and  especially  boiled  linseed  oil,  cause  ignition  most 
readily,  and  the  non-drying  oils  least  readily,  but  all  drying  and 
semi-drying  oils,  and  even  such  non-drying  oils  as  olive  and  lard  oil, 
arc  capable  of  causing  ignition  sooner  or  later  under  the  conditions 
named.  Mackey  has  shown  by  experiments  with  olive  and  cotton- 
seed oils'  that  free  fatty  acids  prepared  from  those  oils  are  more 
liable  to  develop  heat  and  eventually  to  fire  when  spread  on  cotton 
than  the  neutral  oils  themselvee,'  a  fact  which  he  considers  of  im- 
portance in  relation  to  fire  risks  in  woollen  mills,  as  recovered  cloth- 
oila  and  distilled  oleines  consist  largely  of  free  fatty  acids.  Id  the 
experiments  recorded  in  Table  LXXXV.  (p.  282)  it  will  be  noticed, 
however,  that  commercial  "oleine"  and  "97  per  cent,  oleine"  heated 
no  more  than  neutral  olive  oil.°  According  to  Eissling,*  the  generation 
of  heat  is  influenced  to  a  oonsiderahle  extent  by  tlie  nature  of  the 
fibrous  material,  being  most  rapid  with  silk,  and  less,  in  order,  with 
animal  wool,  cotton  wool,  jute,  and  hemp. 

In  practice,  the  risk  of  fire  arising  from  spontaneous  ignition  of 
oily  material  is  greater  the  more  readily  oxtdizable  the  oil,  and  there- 
fore, generally,  the  higher  the  iodine  value  of  the  oU  and  the  greater 
the  evolution  of  heat  in  Maumene'a  thermal  test.  Mineral  oils, 
which  are  practically  incapable  of  oxidation,  do  not  heat  at  all,  and 
not  only  are  they,  therefore,  free  from  the  danger  of  spontaneous 
ignition,  but  when  mixed  with  fatty  oils  in  siifficient  proportion, 
which  varies  according  to  the  nature  of  the  fatty  oil,  they  prevent 
the  risk  of  fire  arising  from  the  spontaneous  ignition  of  the  mixture. 
Given  a  sufficiently  high  flash ing-poiut,  not  below  340°-3B0°  F. 
(17I'-177*  C),  the  more  mineral  oil  there  is  in  a  iniied  lubricant  the 
safer  the  oil  as  regards  the  liability  to  cause  a  fire  ;  nevertheless,  the 
fire  insurance  companies  consider  the  fire-riak  in  textile  and  woollen 
mills  greater  the  higher  the  percentage  of  '  nnsaponitiable  matter '  °  in 
the  oil  used.  This  is  chiefly  owing  to  the  fact  that  when  a  Gre  has 
once  broken  out,  mineral  oils,  whicti,  as  a  rule,  flash  at  a  lower  tom- 


II.  11 B4. 

chemical  action  of  tho  fatty  acids  on  the 
an  inorganic  material  like  alag  wool  vraa 


'  Jour.  Sue  Chem,  Inii    xiii.  (lBn4) 

>  The  diflereace  bos  to  do  with  the 
cotton,  tu  it  van  not  obserred  wlien 
BDbBtituttHl  for  the  cotton, 

)  Compare  Riphardson  and  Julfe,  Jour.  Soe.  C/um.  Ind.,  1S05,  p.  534. 

•  /our.  8qc.  Ckem.  Ind.,  xiv.  (1895),  p.  478. 

'  Both  Mackey  and  Lowkowilach  have  jroint'^  out  tlic   fallacy  of  oagiimiing 


'  unoaponiliable  i 
recovered  wool  grease,  for  example,  it 
and  should  therarore  be.  eiamiuod  aa  dc 
wool  grcttse,  however,  hydrocarbons  o 
UDdiBtiiiguishablo  from  it,  and,  as  rcgi 


,   Decessarily, 

C'  e  composed  entirely  of  cholBatcroIo, 
inOhap.  VII.,  p.  228.  lodUtilled 
ir,  whioii,  thouKh  not  'mineral  oil,'  am 
a  fire-risk,  maylwrcgardijdasVAeWX'uiX. 
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perature  than  the  vegetable  oils,  are  more  likely  to  assist  in  spreading 
the  fire  in  proportion  to  the  difference  of  flashing-point  (Mackey), 

Both  in  the  United  States  and  in  this  country  apparatus  has  been 
devised  specially  for  the  purpose  of  determining  the  relative  liability 
of  oils  to  cause  spontaneous  combustion. 

Allbright  and  Clark'B  ApparatuB,'  generally  known  as  Ordway's,  consists  of 
a  double  chamber,  formed  by  two  tubes  placed  one  inside  the  other.  The 
outer  tube  is  of  wrought  iron,  6  inches  in  diameter,  and  is  closed  at  each  end 
by  discs  of  wood.    The  inner  tube  is  of  sheet  iron,  4  inches  in  diameter,  and 

6  inches  shorter  than  the  outer  tube,  and  is  fitted  with  overlapping  metal 
covers  at  each  end,  which  support  it  centrally  within  the  outer  tube, leaving 
an  annular  air-space  of  1  inch  between  the  two  tubes  and  a  space  of  3  inches 
at  each  end.  The  apparatus,  suitably  supported,  is  heated  by  a  Bunsen 
burner,  and  three  thermometers,  which  are  inserted  into  the  inner  tube 
through  the  outer,  allow  the  temperature  to  be  read  off. 

50  grms.  of  the  oil  to  be  tested  are  distributed  as  evenly  as  possible  over 
50  grms.  of  cotton  waste,  which  is  then  carefidlv  pushed  into  one  end  of  the 
inner  tube,  and  a  second  similar  ball  of  un-oiled  waste  is  inserted  into  the 
other  end.  One  thermometer  is  placed  with  its  bulb  in  the  ball  of  oiled 
waste,  one  in  the  ball  of  un-oiled  waste,  and  the  third  midway  between  the 
two.  The  outer  tube  is  then  heated  so  that  the  thermometer  in  the  un-oiled 
waste  indicates  100°-101°  C,  not  higher,  the  maintenance  of  this  tempera- 
ture being  controlled  by  means  of  the  middle  thermometer,  which  should 
be  kept  at  about  125°  C.  Spontaneous  heating  of  the  oiled  waste  is 
indicated  by  the  temperature  of  the  mass  rising  above  that  of  the  un-oiled 
waste,  and  the  difference  of  temperature  will  be  greater  and  the  rise  more 
rapid  the  more  dangerous  the  oil. 

Richards  states  that  this  apparatus  has  been  of  the  greatest  use  in 
determining  the  cause  of  fires  and  in  estimating  the  relative  safety  of 
oils  for  use  in  textile  mills.  Among  other  results  it  has  been  found 
that  the  proportions  of  neatsfoot  and  best  lard  oils  which  can  safely 
be  mixed  with  mineral  oil  amounts  to  from  50  to  60  per  cent.,  whilst 
not  more  than  25  per  cent,  of  cottonseed  oil  can  be  safely  added. 
That  is  to  say,  cotton  waste  oiled  with  a  mixture  of  50  per  cent,  lard 
oil  and  50  per  cent,  mineral  oil  would  not  be  liable  to  ignite 
spontaneously,  but  if  the  lard  oil  were  adulterated  with  cottonseed 
oil,  ignition  might  occur.  In  either  case,  a  good  deal  would  depend 
upon  the  size  of  the  heap  of  waste  and  the  temperature  of  the 
surrounding  air. 

Mackey's  *  Cloth-Oil  Tester'  (fig.  73)'-^  consists  of  a  cylindrical  copper 
water-bath  tinned  on  the  inside,  measuring  externally  8  inches  high  x  6 
inches  in  diameter,  and  internally  7  inches  high  x  4  inches  in  diameter, 
provided  with  a  lid  having  a  short  central  tube  D  for  a  thermometer  and 
two  longer  tubes  A  and  B  for  promoting  the  circulation  of  air.  A  cylinder 
of  24-mesh  wire  gauze  C,  6  inches  longxl^  inches  in  diameter,  contains 
the  oiled  wool. 

14  grms.  of  the  oil  to  be  tested  are  weighed  into  a  shallow  dish  containing 

7  grms.  of  pure  cotton  wool,  and  after  thoroughly  incorporating  the  oil  by 

*  Richards,  Jour.  Soe.  Ohem,  Ind,^  xi.  (1892),  p.  647. 

•-*  Jour.  Soc,  Chem,  Ltd.,  xiv.  (1895),  p.  940 ;  and  xv.  (1896),  p.  90. 
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hand  with  tlie  wel!  tcaaed  wool,  which  cannot  be  too  carefully  done,  cis  the 
aiicceaB  of  the  ext>erinienl  greatly  depends  upon  the  even  aistributiou  of 
the  oil,  the  Ihennometer  is  held  upright  in  the  middle  of  the  gauze  cylinder 
and  the  oiled  wool  is  carefully  and  uniTonnly  packed  around  it.  Having 
raised  the  water  in  the  outer  jacket  to  active  eDullition,  the  cylinder  ana 
thenuometer  are  placed  in  the  inner  chamher.  the  lid  is  carefully  slipped 
down  over  the  thermometer  stem,  and  the  latter,  is  tixed  in  position  by 
tightening  np  the  screw-clamp  D.  The  position  of  the  iherniometer  should 
be  such  that  the  red  mark  on  the  stem  is  just  visible  above  D.  The  water 
in  the  jacket  is  kept  steadily  boiling,  care  being  taken  that  steam  is  neither 
drawn  down  the  tube  B  nor  warms  the  tube  A,  and  the  temperature  of  the 
wool'is  read  olTat  intervals. 
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It  usually  takes  about  one  hour  for  the  oiled  wool  to  reach  tbc 
temperature  of  the  bath  (100"  C.  =  212°F.),  and  Bafe  oils,  like  pure 
olive  oil,  will  not  riae  much  higher ;  hut  dangerous  oils  wilt  continue 
to  Leat,  and  very  dangerous  oils,  such  as  cottonseed,  will  rise  to  200* 
C.  (392°  F.)  within  one  hour  and  a  half.  Generally,  the  teniperatiire 
after  a  certain  point  is  reached  commences  to  rise  very  rapidly,  and 
when  this  is  the  ciiee  the  thermometer  must  be  withdrawn  after 
reaching,  say,  250°  C,  otherwise  it  may  be  damaged.  Mackey  atates 
that  any  oil  which,  when  tested  in  this  way,  rcauUen  "iWy  C  to  VH<a 
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hoiire,  may  Iw  regarded  as  too  dangerous  for  use  in  mills.  The  wont 
claHH  of  oil,  from  a  fire  inBuranco  point  of  view,  will  heat  more  npidlj 
tbaii  thiit. 

F>eryono  iiaing  the  apparatus  for  the  fint  time  should  experiment 
with  pure  r)[ivo  and  cottonseed  oils,  comparing  his  results  with  those 
in  tho  following  table  by  Mackey,  until  he  has  found  bow  to  prepare 
and  pock  tlio  mixture  of  wool  and  oil  so  as  to  obtain  similar  results  :— 

Table  LXXXV. 


oux  tattr  uldi. 


I'lilM  Ani^Uii  ulelne. 
llEve  (oHiUlnlng   ' 
hit;  ulili), 


HafsUn  olelue, 
OUTetnautnl), 


r.  ltm.Ihr.lDm. 


101 =ni 
iM^'iie 


iit^m 


The  following  results  witli  the  Hume  sample  of  pure  cottonseed  oil 
»ore  obtained  on  first  using  one  of  Mackej's  testMS  : — 


Tempenlun  (*  C.)  (Iter  Uia  Bxplntloo  of 


^perlDu 

Nnmbei 


60 

76 

81 

84 

90 

93 

105       1 

100' 

1?9- 

i>00° 

•2M' 

... 

99" 
100° 

IDS- 

iir 

lO?" 

225* 

260* 

163-      2. 

loa- 
lor 

IS.'.' 
120* 

250' 
250' 
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In  oxperiment  Nu.  2  tlic  temperature  did  not  at  first  rise  so  rapidly 
ae  in  the  others,  but  it  shot  up  rapidly  after  e,  lime,  tuid  reaulied  250° 
in  alfout  Ij  hours.  In  this  experimeut,  the  wool  was  teased  out 
with  perhaps  over-CKtreme  caro ;  m  the  laat  two  experiments  less  care 
Vas  taken. 

An  observation  may  here  be  mentioned  whicli,  though  not  strictly 
bearing  on  lubricauts,  is  of  iniportanue  to  users  of  this  apjMiratus. 
Sunie  linseed  oil  varnish  containing  SS  per  cent,  of  oil  of  turpentine, 
which  was  believed  to  have  caused  a  fire,  was  being  tested,  but  at 
first  no  heating  effect  could  be  obtained.  The  temperature  of  the 
miiture  of  14  gmia.  of  varnish  and  7  grma.  of  wool  rose  to  100°  in 
twenty-eight  minutes,  but  remained  stationary  at  105°  for  two  hours. 
Every  attempt  to  obtain  a  different  result  failed,  14  grms.  of  a  mixture 
of  cottonseed  oil  aud  turpentine  in  the  same  proportions  failed  to  rise 
higher  than  H2°  C.  in  150  minutes,  and  33  grma.  of  the  same 
mixture  (eontaiiiiiig  14  grms.  of  cottonseed  oil)  did  not  rise  beyond 
lO^t".  It  became  evident  that  the  heavy  turpentine  vapour  filling 
the  hiner  chamber  prevented  uceess  of  sufficient  air  to  maintain  the 
oxidation.  The  air-inlet  tube  B  was  therefore  connected  up  to  an 
air-supply  lap.  and  a  current  of  air  (2  litres  per  minute)  was  forced 
through  the  appiimtu&.  Hepeating  the  experiment  under  these 
conditions,  the  33  grms.  of  the  cottonseed  oil  and  turpentine  mixture 
rose  to  ltt2°  in  two  hours  aud  to  250*  in  123  minutes,  aud  the  sauiple 
of  varuish  (coutnining  linseed  oil  and  turpentine)  reached  100'  C  in 
eighteen  minutes  aud  shot  up  to  250'  in  thirty-eight  minutes. 

Since  making  these  observations,  we  have  made  a  practice  of 
forcing  a  current  of  air  through  the  apparatus  in  testing  all  oils,  and 
we  find  the  results  more  regular  and  reliable.  We  have  also 
improved  the  apparatus  by  replacing  the  spout  shown  in  the  figure 
by  a  tube  which  can  be  connected  to  a  refliix  condenser.  This 
prevents  the  water  in  the  jacket  from  boiling  to  dryuess,  an  event 
which  otlierwise  is  not  unlikely  to  occur. 


Q,— DETECTION  AND  DETERMINATION  OF  AHACHIS  OIL 
IN  OLIVE  OIL. 

Araehia  or  earthuut  oil  so  nearly  resembles  olive  oil  iu  general 
diaractere  that  the  ordinary  physical  and  chemical  testa  fail  to  detect 
its  presence.  Tlie  chief  ditTerence  lies  in  the  iodine  values,  which 
range  na  under  : — 

txjwut.  niicheit. 

ArsctiiBoil,    .        ,        .        .    83*3  10.^ 

Olive  oil,        ....    7i)-2  917 

Wliilril  n  high  iodine  value  (utiy  over  S7  per  cent.,  which  is  seldom 
exceeded  hy  gciniinu  ulive  oil)  tiiight,  therefore,  be  due  to  the  presence 
of  nntchis  oil,  a  iinnnnl  value  is  comfiatible  with  the  presence  of  liiis 
oil  ill  considerable  pro[>orti<>n. 
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Arachis  oU,  however,  contains  fnim  4'3  to  5-4  per  oeat.  of  aracbidic 
nod  lignixwrio  acida  (CpyH^jOj  aiid  Cj,H^Oj),  which,  owing  to  their 
sparing  solubility  in  oold  alcohol,  cau  be  isolated  without  much 
difficulty.  Olive  oil  contains  not  moro  thau  traces  of  these  adds. 
Upon  this  difference  in  composition,  Honard  has  based  the  following 
pruews  for  the  det«etion  and  determination  of  amchis  oil,  which  is 
here  described  with  some  modificationa  in  detail  introduced  by  one  of 
the  authors.' 

ID  grniE.  of  the  suspected  oil  are  aapcinified  in  a  basin,  as  directed  in  E  L 
(p.  225),  using  8  c.c.  of  60  per  cent,  caustic  soda  solutiou  and  70  cc  of  alooliol, 
bulled  down  gently  ta  about  20  c.c,  rinsed  with  hot  water  into  a  sepanitiiig 
tunnel,  deconipueed  with  bydroohloric  Acid  in  excess,  and  shaken  with  ether 
to  Mtiact  the  fatty  acids,  After  distilling  off  the  ether  in  an  8-oz.  wide- 
necked  flask,  the  fatty  acids  are  dried  by  heating  the  flask  on  a  steam-bath 
and  sucking  out  the  vapour,  and  are  then  diasulved  by  pouring  50  c.c  of 
rectillcd  alcohol  (sp.  gi,  0'834)  into  the  hot  flask. 

To  the  solution,  which  should  not  be  hotter  than  110°  F,,  and  mnst  not 
be  allowed  to  cool  below  100°  F.,  lest  crystals  of  aracliidic  and  lignocarie 
acids  should  separate,  5  cc  of  a  20  per  cenL  aoneous  solution  of  lead  acetate 
are  added,  which  will  precipitate  the  whole  of^  the  aracliidic  and  lignoceric 
acids  as  lead  soaps,  ttcether  with  some  palmilate  and  olente  of  lead.'  After 
cooling  to  about  60°  F.  and  allowing  lo  stand  tor  about  half  an  hour,  the 
alcoholic  liquid  is  decanted  through  a  filter,  and  the  lead  soaps  are  extracted 
with  ether  until  the  washings  when  shaken  in  a  test-tube  with  H^ 
water  give  no  colour,  or  only  a  slight  brown  ;  the  soluble  lead  oleate  is  thn« 
removed.  It  is  beat  not  to  attempt  to  wash  withethermore  than  once  on  the 
filter,  but  lo  rinse  the  snaps  back  into  the  flask  and  digest  with  ether,  then 
again  filter  and  again  rinse  back,  using  the  sitme  filter  each  time.  After 
doing  this  alxiut  four  times,  all  the  lead  olente  will  have  been  disMtlved  out. 
Washing  on  the  filler  takes  a  much  longer  time. 

The  filter  paper  containing  the  lead  arachidate,  etc,  is  opened  in  a  large 

Slain  funnel  placed  in  the  neck  of  a  separating  funnel,  andj  before  Ibe  soaps 
ave  hod  time  to  drv,  they  are  rinsed  into  the  separator  with  a  jet  of  ether 
from  a  washing  liuttle.  'Hie  soaps  which  adhere  lo  the  paper  and  flask  may 
be  decoraposeoand  transferred  by  rinsing  with  warm  duute  hydrochloric 
acid,  followed  by  ether.  About  SO  cc.  more  hydrochloric  acid  (I'lO  sp.  gr.) 
are  poured  into  the  separator,  shaken  well  to  deeornpose  the  lead  soaps,  then 
run  off,  and  the  ethereal  solution  of  the  fatty  acids  is  washed  with  small 
quantiticsof  water  until  the  lead  chloride  is  removed.  The  ether  is  distill«d 
off  in  an  S-oi.  flask,  anil  the  residual  tatty  acids  are  heated  in  the  waler-ovfln 
until  dry.  They  are  then  dissolved  by  warming  with  50  c.c  of  90  per  cent 
ethyl  alcohiil  (sp.  gr.  0*8340),  and  the  solution  is  cooled  to  15'  C.,  when 
arochidia  and  lignoceric  acids,  if  present,  will  cryalalline  out,  either  at  uuoe 
or  after  standing  a  short  time.  The  fioek  should  be  closed  by  a  cork 
carrying  a  thermometer. 

'  Jour.  Sot  Chtm.  Ind.,  ivu.  (18B8),  p.  1124. 

*  This  qusutity  of  lead  ia  HufllcicDt  for  10  gnns.  of  oil.  If  tnuro  Im  ndilnl,  a 
larger  pi-vcijiitute  is  produced,  coutainine  more  lead  uXteXe,  which  takes  mora 
w&sbiiig  oat  with  etiier,  but  no  more  nricTiidic  and  lignoceric  acids  are  obtainnl ; 
ia  fact,  ir  excess  uf  lead  be  used,  as  rocuinmended  by  same  cbeniuls,  the  quantity 
of  thsss  Bcids  recovered  is  even  teas,  probsbty  owing  to  the  solrent  sction  of  the 
solution  cf  l^ftd  nieate  in  ether  on  the  othrr  lead  sosps. 
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According  tc  Tortelli  and  Ru^eri,'  a  rough  estimate  of  the  amount  of 
earthnut  oil  preaent  may  be  made  at  this  st^e  by  ubEervlng  the  temperature 
at  which  the  crystals  commence  to  form.  For  this  purpoiie  t]ie  liquid  in  the 
flask  muBt  be  heated  until  the  cryatalfi  have  rediasolved,  and  then  allowed 
to  cool  slowly. 

Table  LXXXVI. 


crjiUta  commence  to  form. 

EarUinatOIl, 

36-38 
31-33 

28-30 
25-26 
22-24 
20-5-21-5 
18-20 
16-17 

100 
60 
50 
40 
30 
20 
10 
5 

In  order  to  determine  the  proportion  of  earthnut  oil  more  accurately,  the 
liquid  is  allowed  to  stand  for  one  hour,'  with  occoKional  agitation,  at  15°  C.  or 
2^  C,  or  at  H)me  intermediate  temperature  which  ia  nearest  to  that  of  the 
laboratory  ;  the  cryataU  are  then  cullecl«d  on  a  small  filtflr  placed  over  a 
100  c.c.  cylinder,  using  the  filtrate  alone  to  riii«e  out  the  nask,  and  are 
washed  several  times  with  small  quantities  of  90  per  cent,  alcohol  until 
the  filtrate  and  washings  measure  70-80  c.c.,  unless  tlie  yiantity  of  crystals 
obtained  is  very  small,  m  which  case  less  may  be  used/  The  filtrate  and 
washings  with  00  per  cent,  alcohol  must  he  measured.  The  crystals  are 
then  washed  llioroughly  with  70  pet  cent. alcohol  (sp.  gr.  08898)  in  which 
arachidic  and  lignoceric  acids  are  ^uite  insoluble.  These  washings  are  not 
measured,  but  the  washing  is  continued  until  a  few  cc.  of  the  filtrate  remain 
clear  when  diluted  with  water  in  a  test-tube,  showing  that  all  soluble  fatty 
acids  have  been  washed  out.  The  washed  crystals  are  then  dissolved  off  the 
filter  with  boiling  ether,  distilled  down  in  a  tared  flask,  and  dried  in  the 
water-oven  until  constant  in  weight,  for  wliich  one  hour  or  less  usiioUy  suIUceB. 
Finally,  the  melting-point  is  determined  by  capillary  tube,  or  preferably  by 
Benaemann'e  method  (p.  203),  and  the  poiut  of  incipient  fusion  shoula  not 
be  lower  than  71°  C. 

Instead  of  weighing  the  crysUls  at  this  stage,  Tortelli  and  Ruggeri  recom- 
mend tedissolving  them  in  50  c.c.  of  90  per  cent,  alcohol,  reorystallidng  tor 

^  Torteili 
one  hour  is  enough. 

*  It  is  a  good  plan  to  do  this  w&shing  with  three 
aithcr  lOc.o.  orfi  c.c  each,  aocordiog  to  the  si/a  oftlip  precipitate,  and,  after 
oollecting  the  wasbittg  each  time  tn  a  small  beaker,  to  pour  it  back  tlirough  the 
filter  twourthn^e  times,  su  as  to  thoroughly  saturate  it  bufore  adding  it  to  the 
main  filtrate.  Obviounly,  tliii  must  be  done  at  tbe  same  coOBtaut  temperature  as 
that  at  which  the  crystallizatioD  took  place.  A  paper  filter  may  bo  used,  but  a 
Gooeh  filter  nspd  with  modarate  snotion  is  better,  becauK  the  crystals  cud  b« 
mors  complotely  separated  from  the  mother  liquor. 
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one  hour  at  the  same  temperature  as  before,  again  filtering  and  washing,  first 
with  90  per  cent,  and  then  with  70  per  cent,  alcohol,  and  then  weighing. 
The  crystals  from  pure  earthnut  oil,  when  thus  purified,  melt,  by  Bensemann's 
method,  at  72-3**-73-3'*  C.^  This  recrystallization  is  not^  however,  necessary, 
unless  tne  melting-point  of  the  first  crop  is  too  low,  or  the  quantity  of  crystals 
large. 

As  the  mixed  acids  are  slightly  soluble  in  the  90  per  cent,  alcohol  used 
for  recrystallization  and  washing,  a  correction  must  oe  made,  which  varies 
according  to  the  weight  of  mixed  acids  obtained  {TorUlli  and  Ruggeri),  This 
correction  is  given  by  the  following  table : — 

Table  LXXXVII. 


Weight  of  Mixed  Acids 

obteined. 

Grm. 

Correction  (grm.)  to  be  added  per  100  c.c.  of  90  per 
cent,  alcohol  OBed,  at 

16' C. 

17-6'  C. 

arc. 

0-9  and  upwards. 

0-8 

0-7 

0-6 

0-5 

0-4 

0-3 

0-2 

0-1  and  less. 

0-071 
0070 
0-069 
0-067 
0-064 
0-061 
0-055 
0-048 
0-033 

0-081 
0080 
0-079 
0077 
0074 
0-070 
0-064 
0-056 
0-039 

0-091 
0-091 
0-090 
0-088 
0-085 
0-080 
0-074 
0-064 
0046 

The  percentage  of  mixed  arachidic  and  lignoceric  acids  thus  isolated 
from  pure  earthnut  oil  by  Renard,  De  Negri  and  Fabris,  Tortelli  and 
Ruggeri,  and  Archbutt,  has  varied  from  4*28  to  5-40  per  cent. ; 
averaging  about  4*8  per  cent.  Therefore,  the  weight  of  mixed  acids 
obtained,  multiplied  by  21,  is  approximately  equal  to  the  weight  of 
arachis  oil  in  the  quantity  of  oil  taken  for  experiment. 

The  results  in  Table  LXXXVIII.  (p.  287)  show  the  degree  of  accu- 
racy attainable  by  this  method.  10  grms.  of  oil  were  taken  for  the 
analysis  in  each  case,  and  the  mixed  acids  were  not  recrystallized. 

The  correctness  of  the  method  has  also  been  proved  by  Kenard,  by 
De  Negri  and  Fabris,  and  by  Tortelli  and  Ruggeri.  The  latter 
chemists,  working  on  20  grms.  of  oil  and  recrystallizing  the  mixed 
acids,  obtained  the  following  results : — 


Arachis  oil  taken,  per  cent., 
Arachis  oil  found,  per  cent., 


60 

50 

40 

30 

20 

10 

60 

50 

40 

31 

22 

11 

5 
6-7 


Reimer  and  Will  found  in  rape  oil  an  acid  of  high  melting-point, 
sparingly  soluble  in  alcohol,  which  they  believed  to  be  behenio  acid, 
C22H44O2.     Ponzio  subsequently  identified  this  acid  as  arachidic ;  but 

^  Tortelli  and  Ruggeri  found  the  melting-point  of  the  reoiystalliied  aoids^ 
determined  by  capilUzy  tube,  between  74*  and  75*5*  C. 
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judging  by  the  solubility  in  alcohol  and  the  melting-point,  it  is  prob- 
ably a  mixture  of  arachidic  and  lignoceric  acids.  Archbutt  has 
isolated  these  acids  from  33  out  of  51  samples  of  commercial  rape 
oil,  and  has  proved  that  the  quantity  present  may  amount  to  as  much 
as  1*43  per  cent.  He  has  also  found  the  same  acid  in  mustard  oil.^ 
It  appears  from  these  results  that  the  fact  of  finding  arachidic  acid 
in  olive  oil  is  not  conclusive  proof  of  the  presence  of  earthnut  oil, 
unless  rape  and  mustard  oils  are  proved  to  be  absent  by  other  tests, 
of  wliich  the  saponification  value  is  the  most  important.  Unless  the 
saponification  value  of  a  sample  of  olive  oil  is  below  19'0,  neither  rape 
nor  mustard  oils  are  likely  to  be  present. 


Table  LXXXVIII. 


CompoBition  of  the 
Oil  per  100  parte. 

Volume  of 
90%  Alcohol. 

Temperature. 

SolubUity 
Coefficient. 

Mixed  Arachidic  and  Lign  o  eerie  Acids. 

Arachis 

Oil 

found, 

per 

cent. 

Pure 
OUve  OU. 

Pure 
ArachiiOil. 

Dis- 
solved 
in  the 
AIcohoL 

Weighed 

Total. 
•4984 

Per 
cent. 

MelUng- 
point  by 
Capil- 
lary 
Tube 

•c. 

• 

100 

80c.c. 
•063 

•0504 

•4480 
•0266 

4-98 

7r 

100 

90 

10 

73  C.C. 

IS'^C. 

•033 

•0241 

•0506 

•506 

IV 

102 

80 

20 

73  c.c. 

16*  C. 

•033 

•0241 

•0716 

•0966 

•966 

IV 

192 

R.— OOLOTTB  BEAOTIONS. 

Most  of  the  colour  reactions  which  formed  such  a  prominent 
feature  of  the  older  works  treating  of  oil  analysis  have  been  shown 
to  be  cauBed,  not  by  characteristic  constituents  of  the  oils  themselves^ 

1  ^mr.  Soe.  Ohmn.  Jnd.  zvii.  (1898),  p.  1009. 
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but  by  impurities  which  are  more  or  less  perfectly  removed  in  the 
processes  of  refining ;  and  many  of  these  reactions,  based  upon  tests 
made  with  a  limited  number  of  specimens  of  oil,  have  been  found  by 
more  extended  experience  to  be  valueless.  Although  the  quantitative 
methods  developed  during  recent  years  have  made  us  much  less 
dependent  than  formerly  upon  colour  tests,  the  means  of  identifying 
oils  in  mixtures  are  still  imperfect,  and  such  colour  reactions  as  are 
undoubtedly  produced  by  natural  constituents  of  particular  oils,  of 
which  there  are  a  few,  are  valuable. 


I.  Beactions  of  Oottonseed  OiL 

(a)  The  Halphen  Beaction. — Oils  containing  cottonseed  oil,  if 
heated  with  carbon  disulphide,  free  sulphur,  and  amyl  alcohol, 
develop  a  characteristic  rose-red  coloration,  the  depth  of  which  is  in 
proportion  to  the  amount  of  cottonseed  oil  present.  The  relative 
proportions  of  oil  and  reagents,  and  the  method  of  heating,  may  be 
varied  without  interfering  with  the  test,  as  is  evident  from  the 
different  directions  given  by  different  analysts.  The  following 
method  will  be  found  quite  satisfactory  : — 

3  C.C.  of  the  oil,  1  c.c  of  a  2  per  cent  solution  of  sulphur  in  carbon  disul- 
phide, and  1  c.c.  of  amyl  alcohol,  are  mixed  in  a  small  test-tube,  which  is 
then  heated  in  a  bath  of  boiling  water.  With  as  little  as  5  per  cent,  of 
cottonseed  oil  present,  a  distinct  rose-red  coloration  is  developed  in  from 
fifteen  to  thirty  minutes ;  the  colour  is  more  intense  and  more  rapidly 
produced  the  larger  the  proportion  of  cottonseed  oil.  Less  than  5  per  cent, 
can  be  detected  if  the  heating  be  continued  for  one  hour,  and  if  the  colour 
be  then  compared  with  that  of  a  pure  sample  of  oil  tested  at  the  same  time. 

This  is  the  simplest  and  best  reaction  for  the  detection  of  cotton- 
seed oil.  So  far  as  is  known,  the  only  other  commercial  oil  which 
gives  the  reaction  is  kapok  oil  (Milliau,  Comptes  Rendus,  1904,  807), 
which  w^ould  be  equally  objectionable  in  a  lubricant.  Nevertheless, 
too  much  reliance  must  not  be  placed  on  this  or  any  other  colour  test. 
Thus,  it  has  been  found  that  cottonseed  oil  which  has  been  heated  to 
240*  C,  or  even  to  150**  C,  if  heated  long  enough,  no  longer  responds 
to  Halphen's  test.  It  has  also  been  observed  that  the  fat  of  animals 
which  have  been  fed  on  cottonseed  cake  may  give  the  colour  reactions 
of  cottonseed  oil,  though  none  has  been  added  (see  Silver  Nitrate 
Test),  Thus,  lard  oil  from  the  fat  of  pigs  fed  on  cottonseed  cake 
might  be  unjustly  condemned  if  conclusions  were  drawn  from  the 
colour  reaction  alone.  Hence,  it  is  evident  that  these  reactions 
should  only  be  used  as  adjuncts  to  other  tests,  and  no  conclusions 
should  be  drawn  from  them,  unless  confirmed  by  the  results  of  the 
quantitative  reactions. 

(b)  The  Silver  Nitrate  Test.— This  test,  originated  by  Becohi, 
depends  upon  the  presence  in  cottonseed  oil  of  a  substance  which 
reduces  silver  nitrate.    If  the  oil  be  saponified  and  the  fatty  adds 
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isolated,  they  give  the  same  reaction.  In  Becchi's  test,  the  oil  \a 
healed  with  a,  complex  reagent  containing  an  alcoholic  Bolutioii  of 
Bilver  nitrate,  ether,  nitric  acid,  amyl  alcohol,  and  rape  oil ;  but  it 
is  preferable  to  employ  for  the  test  a  solution  of  the  fatty  acids  in 
pure  alcohol,  as  proposed  by  Milliau,  omitting  the  amyl  alcohol 
and  rape  oil.     The  following  method  of  procedure  is  recommended  : — 

Approximately  5  gcma.  of  the  oil  art:  saponified  as  directed  in  E  I.  (p.  325). 
The  alcoholic  soap  Bohitiou,  ix)ncentrat«d  to  about  10  or  15  o.c,  is  diluted 
with  hot  water,  nnsed  into  a  separating  funnel,  decomposed  with  eiceaa  of 
dilute  sulphuric  acid,  and  shaken  with  about  TO  c.c.  of^ethet  to  dissolve  the 
fattv  acids.  After  drawing  off  the  aqueous  liquid,  the  ethereal  solution  is 
washed  four  or  five  times  with  small  qitantitiea  of  cold  water  and  poured  into 
a  ilask.  The  ether  in  tlieti  distilled  off,  and  the  fiosk  containing  the  fatty 
acidn  is  heated  on  a  ateam>bath  for  a  few  minutes  to  evaporate  the  remaining 
traces  of  ether  and  water. 

The  fatty  acids  thus  obtained  ai-e  immediately  dissolved  hy  pouring  20  u.c. 
of  absolute  alcohol  laUi  Che  flask,  and  the  solution  is  poured  into  a  dry  t«si- 
tube  measuring  8  inches  x  I  inch.  The  contents  of  the  test-tube  are  raised 
to  boiling  by  cautiotuly  heating  over  a  small  Buiisen  flame,  and  then,  whilst 
holding  the  test-tube  over  a  white  tile,  2  c.c  of  a  30  per  cent,  aqueous 
solution  of  silver  nitrate  are  added  from  a  pipette.  In  the  presence  of 
5  per  cent,  of  cottonseed  oil,  a  characteristic  brown  turbidity  is  produced 
almost  immediately.  The  reaction  is  more  rapid  anil  intense  the  greater 
the  proportion  of  cottonseed  oil  present.  If  tltere  l)e  m>  immediate  reduction, 
the  solution  is  kept  under  observation  fur  a  minute  or  two  at  txiillng-point, 
by  moving  the  Luiie  to  and  fro  from  the  tile  to  the  flame,  and  if  only  2  per 
cent,  of  cottonseed  oil  be  present  a  distinct  reaction,  though  more  slowly 
developed,  will  be  obtained. 

Thiii  reaction  has  been  examined  by  a  large  number  of  chemiutB 
and  found  to  be  chaj-acteristic  of  cottonseed  oil.  Milliau  states, 
however,  that  kapok  oil  gives  the  same  reaction.  Some  genuine 
rape  oils  appear  to  reduce  the  silver  very  slightly,  but  the  reaction 
takes  place  slowly,  aud  the  colour  produced  is  blackish,  whilst  with 
cottonseed  oil  it  is  brown.  Possibly  in  these  cases  the  precipitate  is 
sulphide  of  silver,  due  to  sulphur  in  the  rape  oil.  In  testing  fats 
which  have  been  exposed  to  the  air,  or  have  become  rancid,  it  must 
be  remembered  that  aldehydic  bodies  formed  by  oxidation  may  reduce 
the  silver  solution.  Thus  Bevan '  found  that  lard  which  had  been 
exposed  to  the  air  for  some  days  gave  Becchi's  reaction,  whilst  some 
of  the  same  lard  taken  from  the  interior  of  the  mass  bad  no  reducing 
property.  Hehner^  states  that  genuine  butter  made  from  the  milk 
of  oowH  fed  largely  on  cottonseed  cake  frequently  gives  the  reaction 
of  cottonseed  oil.' 

Since  it  is  not  known  whether  all  samples  of  cottonseed  oil  reduce 

'  JnalvH,  xix.  (1894).  p.  88.  '  Ibid.,  p.  89. 

'  Confirmed  later  by  eiperiments  mode  on  belmlf  of  the  Boartl  of  Agriaulture. 
Su«  Aaa/i/st,  ixiii.  (1S9S),  p.  'lb&,  Soltaien  and  ntliers  Luve  also  gliown  that 
American  lard  from  pigs  led  on  cottonaeed  meal  gives  ■  strong  coloar  reaction 
with  the  silver  nitrate  test  and  with  Halphen's  test;  Awt^ytt.  1602,  9fi,  and 

leos,  SO. 
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silver  nitrate  to  the  same  extent,  it  is  not  safe  to  draw  quantitative 
conclusions  from  this  test;  but  an  estimate  of  the  proportion  of 
cottonseed  oil  based  upon  the  result  of  the  colour  test  generally  agrees 
fairly  well  with  that  calculated  from  the  quantitative  results. 

Some  chemists  have  obtained  good  results  by  the  Milliau  test, 
others  have  formed  an  unfavourable  opinion  of  it.  This  different 
experience  may  be  due  to  the  fact  that  the  fatty  acids  if  kept  heated 
even  to  100"  C,  and  especially  if  washed  with  boiling  water,  gradually 
lose  their  reducing  property. 

Thus,  the  fatty  acids  obtained  from  a  mixture  of  rape  oil  with  5  per  cent 
of  cottonseed  oil,  which  reduced  silver  nitrate  immediately  when  first  tested, 
completely  lost  the  property  by  heating  in  the  water-oven  for  one  hour.  50 
grms.  of  pure  cottonseea  oil  were  sapomfied  and  the  fatty  acids  were  obtained. 
After  transferring  5  c.c.  to  a  test-tube,  the  remainder  of  the  acids  were 
placed  in  the  water-oven  in  a  wide  beaker,  and  at  intervals  of  one  hour  5  cc 
were  taken  out  and  transferred  to  tub€».  The  different  quantities  were 
then  tested  together  and  the  amount  of  reduction  compaied.  The  fatty 
acids  which  had  not  been  heated  reduced  the  silver  very  strongly,  the 
remaining  quantities  had  a  reducing  power  which  diminished  progressively 
accoiding  to  the  length  of  time  they  had  been  heated,  and  after  heating  for 
nine  hours  it  was  estimated  that  about  95  per  cent  of  the  reducing  action 
had  been  lost 

A  more  rapid  loss  of  the  reducing  property  occurred  when  the  fatty  acids 
were  repeatedly  boiled  with  water.  '  Thus,  some  fatty  acids  from  pure 
cottons^  oil,  which  reel  need  silver  very  strongly,  were  boiled  with  water 
for  one  hour  in  a  basin  ;  the  reducing  property^  tnoiigh  still  strongly  marked, 
had  decidedly  diminished.  The  same  fatty  acids  were  then  boiled  four  times 
successively,  for  only  one  or  two  minutes  each  time,  with  fresh  quantities 
of  water,  when  they  were  found  to  have  lost  from  85  to  90  per  cent,  of  their 
original  reducing  power. 

From  these  results  it  is  evident  that  if  the  fatty  acids  for  the 
Milliau  test  are  prepared  in  the  ordinary  way,  viz.,  by  acidifying 
the  hot  soap  solution  in  a  basin,  heating  until  the  fatty  acids  are 
clear,  washing  with  hot  water  and  drying  in  the  water-oven,  erratic 
results  may  be  expected.  But  by  separating  the  fatty  acids  with 
ether  in  the  manner  described  on  p.  289,  and  by  avoiding  more  than 
ten  to  fifteen  minutes'  heating  to  expel  the  ether,  the  results  are 
more  reliable. 

Cottonseed  oil,  however,  which  has  been  heated  to  240*  C.  no 
longer  responds  to  either  Becchi's  or  Milliau's  tests. 

(c)  The  Nitric  Acid  Test. — This  test  is  given  in  the  form  recom- 
mended by  Jjewkowitsch.^  A  few  c.c.  of  the  oil  are  vigorously  shaken 
in  the  cold  with  an  equal  volume  of  nitric  acid  of  sp.  gr.  1*375  and 
then  allowed  to  stand.  If  cottonseed  oil  be  present,  a  characteristic 
cofFee-brown  coloration  develops  in  a  short  time.  Stronger  acid 
gives  less  definite  results. 

In  applying  this  test  to  a  sample  of  oil,  the  colour  obtained  should 
be  compared  with  that  given  under  the  same  conditions  by  a  pure 

^  Analysis  of  OUa,  etc,  vol.  it  p.  535. 
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sample  of  the  eauie  kind  of  oil.  The  tent  is  most  useM  in  the  c 
of  olive  oil  whioh,  when  pure,  in  scarcely  changed  in  colour  by 
nitriu  acid.  In  couaequence  of  itn  observation  by  Holde  thnt  refii 
tape  oil  when  ahaken  with  nitric  acid  of  r41  sp.  gr.  also  give 
brown  colour,  Lewkowitsch  mixed  a  large  number  of  samples  of  olive 
oil  with  varying  proportions  of  cottonseed  oil  on  the  one  hand  and 
rape  oil  on  the  other,  »nd  shook  them  with  nitric  acid  of  1376  sp  gr. 
After  standing  for  twenty-four  honrs,  the  two  sets  showed  striking 
differences  of  colour ;  those  coutaining  oottousced  oil  were  of  a  pale 
brown  colour,  whilst  those  mixed  with  rape  oil  became  more  yellowiKli. 
In  a  similar  scries  of  teste  made  by  one  of  the  authors  it  was  fnmid, 
with  one  sample  of  rape  oil,  that  although  no  brown  colour  wiu 
developed  within  forty  minutes,  whilst  the  mixtures  contaiuiug  5  per 
cent,  an<\  upwards  of  cottonseed  oil  all  gave  a  distinct  browu  colour 
in  the  same  time,  on  longer  standing  the  mixtures  containing  rape  oil 
aIsij  l)ecan)c  brown  in  colour,  and,  before  the  end  of  twenty-four  hours, 
could  not  be  distinguished  in  shade  from  those  containing  cottonseed 
oil.  Another  sample  of  refined  (Stettin)  rape  oil,  undoubtedly 
genuine,  when  mixed  in  the  proportion  of  20  per  cent,  with  the 
same  sample  of  olive  oil  as  was  used  in  the  above  test^  gave  a 
brown  colour  in  forty  minutes  whioh  coidd  not  be  distinguished  from 
tiie  colour  given  by  20  per  cent,  of  cottonseed  oil.  A  more  extended 
experience  has  oonfiruied  the  fact  that  many  genuine  rajje  oils  give 
a  brown  colour  when  shaken  with  nitric  acid  of  1-375  sp.  gr. 

^mc  genuine  lards  have  licen  found  to  give  a  brown  colour 
nitric  uc'id  ;  but  this  should  not  mislead  au  experienced  unulyst,  as 
the  prcHcnce  of  cottonseed  oil  ought  not  to  be  certified  unless  it  is 
uonlirnied  hy  i]uantitative  testa,  such  as  the  iodine  vulue  of  the  sample. 
The  reaction  with  nitric  acid  has  this  advantage  over  Kalphcn's 
and  the  silver  nitrate  tests,  that  the  brown  colour  is  obtained  with 
cottonseed  oil  which  has  been  heated  to  240'  C,  as  well  «a  with  oil 
which  has  not  lieen  heated.  Lewkowitsch  states,  however,  that  some 
AmericATi  onttouscod  oils  which  he  has  met  with  gave  such  a  faint 
coloration  with  nitric  acid  that  10  per  cent,  could  not  be  detect 
in  iilivp  oil  by  this  test :  but  such  oils  arc  rare. 

It  may  be  notod  that  blown  oils,  both  rape  and  cotton,  evi 
present  to  the  extent  of  only  10  per  cent.,  jrive  a  very  intense 
brown  colour  when  shaken  with  nitric  acid. 


II.  Beaction  (^  Sesame  Oil. 

The  Baudouin  Reaction. — .Sesaim'  oil  contains  a  sulwtance  whlidlf 
]>rwIucC'S  a  roso-red  coloration  when  the  oil,  either  pure  or  in  admi^ 
tiirc  with  other  oiIh,  in  shaken  with  a   solution    of  cane  sugar  i 
hyilroclilorie  acid. 

Ill  miikini>l1ii-te4l,  (I'l  grm.  of  imrctuiiiesugnr  i<i  fir^  diwHilvcil  h 
ojW.  »lroiiH hy'lrcKhloru-  <icU  H -| C!  sp.  pr.  1 ;  10  M.  "t  lll«  i  " ' 
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the  tube  is  corked,  shaken  for  ten  minutes,  and  allowed  to  stand.  If  only 
2  per  cent,  of  sesam^  oil  be  present,  the  acid  which  sejtfirateB  will  be  pink  in 
colour.  If  5  per  cent  and  upwards  be  present  there  will  be  no  need  to  shake 
for  ten  minutes,  as  the  emulsion  will  be  observed  to  become  pink  while  it  is 
being  shaken. 

Several  observers  have  found  that  in  the  case  of  certain  oliTe  oils 
of  undoubted  purity  the  acid  liquid  assumes  '  after  a  short  time '  ^ 
violet  coloration.  Villavecchia  and  Fabris  ^  further  state  that  some 
genuine  Italian  olive  oils  give  a  rose  coloration  similar  to  that  pro- 
duced by  sesame  oil.  We  have  confirmed  this  latter  observation  hi 
testing  a  few  genuine  olive  oils,  but  the  pink  colour  observed  by  us 
has  always  been  very  faint.  If,  after  ten  minutes'  shaking,  the  acid 
which  separates  is  not  distinctly  pink  or  red  in  colour,  sesame  oil 
should  be  assumed  to  be  absent,  and  no  notice  should  be  taken  of  any 
colour  which  develops  on  standing.  In  any  case,  error  is  not  likely 
to  occur  so  long  as  the  results  of  this  test  are  supported  by  the  results 
of  the  quantitative  reactions.  Milliau  has  found  that  if  the  test  be 
applied  to  the  fatty  acids  instead  of  to  the  oil,  any  possible  error  is 
obviated,  and  this  has  been  confirmed  by  other  chemists.^  Therefore, 
Milliau's  method  should  be  adopted  in  any  case  where  doubt  exists 
as  to  the  cause  of  the  coloration.  Villavecchia  and  Fabris  *  find  this 
colour  reaction  to  be  due  to  furfurol^  produced  by  the  action  of 
hydrochloric  acid  on  sugar,  and  they  have  accordingly  proposed  to 
employ  a  solution  of  furfurol  instead  of  cane  sugar.  As  furfurol 
itself  gives  a  violet  coloration  with  hydrochloric  acid,  a  very  minute 
quantity  must  be  used. 

For  the  test,  a  2  })er  cent,  eolutioii  of  furfurol  in  alcohol  is  prepared.  0*1 
C.C.  of  this  solution  is  placed  in  a  test  tulie  ;  10  c.c.  of  hydrochloric  acid  (1'16) 
and  10  c.c.  of  the  oil  are  added  ;  the  tube  is  then  corked,  shaken  for  half  a 
minute,  and  allowed  to  stand.  If  even  1  per  cent,  of  sesame  oil  be  present, 
the  acid  which  separates  has  a  i)iiik  coloration  ;  with  5  per  cent,  a  strong 
rose- red  colour  is  obtained.  This  test  is  recommended,  as  it  is  simpler  than 
the  test  with  sugar,  and  half  a  luiinite's  shaking  is  quite  sufficient. 


III.  Reactions  of  Cholesterol  and  Fhytosterol. 

(a)  With  Chloroform  and  Sulphuric  Acid  (Hesse,  Salkowski), — If 
a  few  centigrammes  of  cholesterol  be  dissolved  in  2  c.c.  of  chloroform 
and  the  solution  be  shaken  with  an  equal  volume  of  sulphuric  acid  of 
1'76  sp.  gr.,  the  chloroformic  layer  at  first  becomes  pink,  deepening 
more  or  less  rapidly  (according  to  the  quantity  of  cholesterol  present) 
to  blood-red,  then  cherry-red  or  purple,  the  latter  colour  persisting  for 

*  Jour  Soc.  Chein,  Lnd.,  xii.  (1893),  p.  67. 

^  [Ind.^  xvii.  (1898),  p.  275.  The  ohve  oils  of  Tuuis  are  said  to  frequently  give 
a  red  or  rose  coloratiou  with  the  Baudouin  test,  but  the  fatty  acids  do  not  See 
Chern.  Trade  Journal,  1902,  524. 

'  /Z>iV/.,3iul(1894),  p.  69. 
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some  lime  tiiid  chnnging  to  u  uiabugauy  tint  ou  pi-uloiiged  ^tunding. 
If  some  of  the  purple  solutlou  \ie  poured  into  a  porcelain  Imsiii,  the  I 
colour  Hoon  fudea  to  a  dirty  green  and  ultimately  yellow,  but  the  • 
L'riniHau  or  purple  tint  is  restored  on  agitating  again  witli  strong 
Hulpliiiriu  (luid.  Ttio  sti'ength  of  the  siUphuric  acid  used  in  this  test 
is  importnut,  ami  a  comparative  eiperimcnl  should  Ijc  made  with 
pure  cholesterol.  A  crimson  or  purple  colour  is  developed,  though 
slowly,  with  as  little  as  5  uiilligrmH.  of  cholesterol  iu  2  c.c. 
vhlororonii.  Salkowski  alwtes  that  the  xulphurJu  acid  which  separates  ] 
bIiows  a  strong  (;reen  fluoresuencc.  With  pure  cholesteiwl  (probably  1 
from  gall-stonctt)  und  aiitphuriu  acid  of  l'T6  sp.  gr.,  we  have  been  I 
unable  to  obtain  more  than  a  faiut  fliiorem^eiioe,  and  that  only  after  J 
stundinu:  for  a  day  or  two,  Lewkowitsoh  believes  that  the  green  I 
Huoresceuee  is  caused  by  the  presence  of  isocbolesterol. 

{b)  With  Acetic  Anhydride  and  Sulphuric  Acid  (Liehemiann).  — 
to  a  euld  solution  of  cholesterol  in  acetic  anhydride,  concentrated  s 
pimriu  acid  be  added,  drop  by  drop,  without  shaking,  a  violet  colora-  \ 
lion,  quickly  cbiuigiug  to  blue,  is  produced  where  the  liquids  meet. 
Du  shaking,  the  whole  liquid  becomes  deep  blue,  slowly  clianging  to  I 
green  or  bluish-green.     This  reaction  is  very  delicate,  aud  ia  given  y 
by  IcM  than  1  inilligrm.  of  cholesterol  In  3  o>c.  of  acetic  anhydride,  i 
laocholestcrol  gives  the  same  reaction  {Srhnhe},     A  violet  or  violet- 
red  coloration  in  given  also  by  solutions  of  colophony  and  rosin  oil 
iu  acetic  anhydride,  but  iu  these  cases  the  colour  (which  is  produced   ' 
by  oar  ilrofi  of  sulphuric  acid  and  shaking)  does  not  chauge  to  blue 
but  either  fades  slowly  to  a  neutral  tint  or  (if  heated)  changes  to  a 
brown  or  yellow  colour. 

(-■)   With  Hitric   Add  {Srhifj.—A.  crystal  of   eholesterol  heated 
with  a  drop  nf  conceutratvd  nitric  acid  and  slowly  evaporated  leaves 
a  yellow  sjKjt  which  is  turned  red  by  ammonia.     Isocholesterol  gives    i 
the  same  reaction  {SeJinlzv). 

(./)  With  Hydrochloric  Acid  and  Ferric  Chloride  (.S'cAr/).— If  a  | 
little  fliolestorol  lie  tritunited  with  a  drop  of  a  mixture  of  3  vols, 
strong  hydnichloriu  acid  and  1  vol.  of  ferric  chloride  Holutiou,  and 
slowly  evn|Kirated  Ut  dryness,  the  particles  which  have  remained  un- 
dissolved assume  a  violet-red  colour,  changing  to  blue.  Some  other 
siibstnnci's,  such  as  oil  of  turpentine  and  camphor,  l)ebave  in  the  | 
same  way.     Isocholesterol  does  not  give  this  reaction. 


IV.  Detection  of  Rosin  Oil 

(a)  The  Liebermatin-Storch  Reaction.' — If  n  «mall  drop  of  r 
oti  )>v  dissolved  in  '2  or  '.i  c.c,  of  cold  ttcctic  anhydride  aud  tnin  drop  I 
of  sulphuric  neid  of  sp.  gr.  1  53  be  added  to  the  liquid  aud  shaken,  I 
a  characteristic  violot^red  coloration  is  produued,  becoming  redder,  f 

'  Juur.  Sm.  Ghem.  lad.,  vll,  (ISSH),  |>|i.  lib,  ISS. 
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thon    Imuvn   or  j»roeiiish-brown.     This   reaction    is   given    even    by 
liij:hly-n^thKMl  iwin  oil. 

To  detect  nvi'n  mV  in  mineral  (»i7,  2  c.c  of  the  Raiiiple  are  shaken  for  a 
iiiiiiiito  or  I  wo  in  a  dry  tcsi-iulxj  with  Al)out  3  c.c.  of  acetic  anhydride  at  a 
UtMitlo  luvit  .lUil  alloweil  to  iDeiKirute.     After  cooling,  the  acetic  anhydride  is 
drawn  Mtr  with.^  fino  pi]H'tto  and  tninsfcrred  to  another  tube,  or,  preferably, 
the  liiinid  is  (taturiHl  on  !•>  a  small  tilter  previously  moisten e<l  witli  acetic  an- 
hvdride,  whiMi  tho  oil  will  remain  on  the  filter  and  a  bright  filtrate  will  lie 
obiainisl.     To  this  iiltnite  one  droj^^  of  sulphuric  acid  of  sj).  gr.  l*r>3  is  a<lded, 
and  in  the  pivsenivof  n*<in  inl  an  immediate,  very  fugitive  coloration,  A-ary- 
inc  fi>»m  violet  ntl  i**  eherry-red,  is  obtained.     Pure  mineral  oil  gives  a 
\ellow  tir  bi>»wn  eohnir,  whieli  is  siMiietimes  w)  dark  as  to  obscure  the  i-osiii 
oil  rtMi'tion.     In  sueli  e;isi's,  the  test  may  be  made  more  delicate  by  ]Kmring 
one  dn>p  of  the  aivlir  anhydride  filtrate  into  another  tul)e  before  adding 
^ulphuno  aoitl  ;  on  diluting  this  with  I  or  2  c.c.  of  acetic  anhydride  and 
adding  one  drt^pof  sul]>huric  acid  to  the  diluted  liquid,  the  violet  coloration 
is  inort*  plainly   si»i»n.     Five  ver  cent,  of  rosin  oil  may  be  thus  detected. 
Moniwski  p>iiit>  out  that  the  uark  coloration  of  mineral  oil  with  sulphuric 
acid  is  intensitittl  by  the  application  of  too  much  heat  in  shaking  Uie  oil 
with  acetic  anhvdride,  and  tliat  if  the  extraction  be  done  in  the  cold  a  paler 
colour  will  Ih'  o^ibiiiuil  antl  the  n.>sin  oil  reaction  will  be  less  obscured. 

l^wini;  to  I  he  fact  that  choK»sien>l  and  phvtosterol  also  give  a  violet  colora- 
litMi  with  sulphuric  acid  in  acetic  anhydride  solution,  Slorch  lias  stated  that 
this  te>t  can  not  U*  relieil  mvon  for  the  detection  of  rosin  oil  in  the  presence 
i>f  fattv  oils  :  but  Moniwski  has  found  that  the  test  is  applicable  to  moet 
v^yelable  tnls,  whirh,  when  pure,  give  <mly  given,  yellowisli,  or  yellowish- 
bn»wn  colorat i- 'US.  If,  then»K»re,  tlie  presence  of  nwin  oil  in  a  fixed  oil  be 
suslHM'tl^l,  the  coloration  olaainetl  shtmld  Ih?  coni]>ared  with  that  yielded 
unaer  similar  i'()ndiiions  by  a  pure  siunplc  of  the  eame  fixed  oil.  In  the 
ciis*M^f  oils  811  oh  as  shark -liver  and  others  which,  owing  to  the  presence  of 
clu»lesieniK  il«»  interfere  with  the  test,  I-iewkowitsch  suggests  that  the  oil 
should  Ih»  si)Htnifie<l,  and  after  extraction  of  the  unsaponifiable  matter 
V including  cholesien»l)  with  ether,  the  fatty  acids  liberated  from  the  soaji 
s«)lulion  shouM  then  K*  tested  for  n^sin  acids,  which  always  accompany 
n^in  oil.  It  the  s;iniple  under  test  contains  added  rosin  or  rosin  soap,  this 
ilevice  of  eoursi^  fail>  ;  ntsin  oil  must  then  be  searched  for  in  the  unsaponifi- 
able matter  bv  »>lher  tesl^ 

(/•)  Holde  8  Test. — Acconling  to  Holde,^  if  5  c.c.  of  oil  be  vigorously 
shakoii  in  tho  ctdd  with  ">  c.c.  of  sulphuric  ju^d  (1*60  sp.  gr.)  the  acid 
layer  which  sej^iinites  a.ssiiincs  a  distinct  red  colour  in  the  presence  of 
nwiii  oil.  The  vegetable  and  animal  oils  and  most  mineral  lubricat- 
ing oils  iin})art  only  a  faintly  yellow  to  yellowish-brown  or  grass-green 
colour  to  tho  acid.  Various  kinds  of  tisli  oil,  imperfectly  refined 
mineral  oils,  alsi>  tar  oil,  cause  a  dirty  brown-red  coloration  of  the 
acid  :  and,  in  such  cases,  the  detection  of  rosin  oil  by  means  of  this 
n^aetion  is  only  made  j>ossil)le  by  extnicting  it  with  90  per  eeuU 
alcohol  and  mixing  the  alcoholic  extnict  in  a  test-tube  with  a  small 
quantity  of  sulphuric  acid  of  1*53  sp.  gr.,  which  is  allowed  to  flow 
down  the  side  of  the  tube. 

*  Die  UnUituchumj  dtr  ScJtmii:rmiUclf  p.  115. 
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Holde  fttat«s  Llinl  I  per  cent,  of  roshi  oil  urn  lie  detected  by  this 
reaction,  but  our  esperience  in  that  the  test  is  decidedly  less  delicate 
than  the  Liebermann-S torch  reaotiou.  Pure  rosiu  oil  certainly  gives 
a  very  characteristic  bright  red  colour,  which  distinguishes  it  at  ouoe 
froni  pure  mineral  oil,  but  comparative  experiments  with  pure  mineral 
oi!  and  mixtnrea  of  the  same  with  rosin  oil  in  different  proportions 
showed  that  the  mixture  oontcuning  6  per  cent,  of  rosin  oil  gave  only 
II  very  slightly  redder  colour  than  the  miuerul  oil  alone.  The 
dUference  wns  distinct  with  10  per  cent,  und  still  more  so  with  20 
per  cent,  of  rosin  oil,  hut  the  reaction  could  not  he  depended  upon 
for  the  detection  of  10  per  cent.,  except  by  making  a  blank  experi- 
ment simultaneously  with  the  pure  mineral  oil.  Shark-liver  oil  and 
seiU  oil  gave  a  red-brown  colour,  as  stated  by  Holde.  Refined  rape 
oil  scarcely  coloured  the  acid,  but  n-ith  blown  rape  the  whole  mixture 
became  nearly  black  in  colour  and  thi'  iwid  could  not  be  distinguished 
from  the  oil.' 

V.  Detection  of  Bosin  Acids  (RohIh). 

The  Liebennano-Moraweki  Eeaction.— If  a  few  milligrms.  of  col- 
ojihouy  lie  dissolved,  by  warming,  in  2-3  c.c.  of  acetic  anhydride  and 
the  solution  be  aiivdu  ijuiU.-  cold,  on  adding  one  drop  of  sulphuric  acid 
uf  1'53  ap.  gi*.  and  shaking,  a  pure  violet  colour  ia  produced,  slowly 
fading  to  a  neutral  tiHt  With  concentrated  acid  the  colour  is  redder, 
and  if  the  liquid  be  heated  {e.g.  by  adding  several  drops  of  acid 
as  In  testing  tor  cholesterol)  the  colour  changes  to  brown  or  yellow. 

To  dtttii  ronn  in  an  oil.,  fat,  or  grtait  by  means  of  this  reaction,  Llie  suli- 
■linw  alioulJ  Hrat  be  saponified  and  the  suap  solntion  shaken  with  ether  to 
remove  tmrapoiiifiable  matters,  espeuially  i-oein  oil  and  choleaCerol.  The 
fally  acids  are  then  obtAine<l  from  the  wap  solution  and  a  small  portion  ia 
diwolvcd  in  acetic  anhydri^Ie  in  the  cold,  or  at  a  very  gentle  beaL  The 
solution  IiBviug  been  made  i^iiite  cold,  sulphitric.  acid  o\  sp.  gr.  1'53  ia 
nlluwcd  to  flow  down  the  aide  of  the  tube,  and  in  tlie  [iresence  of  rosin  acids 
a  miontion  varying  from  violet  to  violet-red  ia  produced  where  the  liquids 
mil.     Lewkowitecn  recommeade  this  test  as  thoroughly  trustworthy  in  all 


S.— DETECTION  AND  DETERMINATION  OF  ROSIN  OIL 
IN  MINERAL  (UKSAPONIFIABI-E)  OIL, 

(a)  The  Liebermann-Storch  Colour  Teet,     (See  p.  293). 

(/()  The  Acetone  Teet.  -Atcording  to  Demski  and  Morswaki," 
roKin  tiilu  mix  witli  iicotoin'  in  ueiirly  alt  proportions,  whilst  mineral 
oils  require  neveral  tiiuua  their  volume  uf  acetone  to  effect  complete    ' 


Holdi',  Jotir.  Si-e,  Chin.  Ind..  i 


i.  (1800).  h  41V,  *x>A  Onttnar,  ibid.. 
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solution.^  If,  therefore,  an  unsaponifiable  oil  gives  a  clear  solution 
with  an  equal  volume  of  acetone,  it  is  either  a  pure  rosin  oil  or  a 
mixture  of  this  with  very  little  mineral  oil ;  if  an  insoluble  residue 
remain,  it  consists  of  mineral  oil.  Wiederhold,^  who  has  proposed 
the  same  test,  states  that  the  acetone  must  be  dry  and  free  from  acid, 
but  that  the  presence  of  aldehyde  is  of  no  importance.  The  difference 
between  the  solubility  of  rosin  oil  in  moist  and  in  dry  acetone  is  very 
considerable.  Rosin  oil  will  dissolve  in  half  its  volume  of  dry  acetone 
at  15**  C. 

(c)  Finkener's  Test. — Finkener  ^  has  proposed  the  use  of  a  solvent 
prepared  by  mixing  at  15*5'  C,  10  volumes  of  alcohol  of  sp.  gr. 
0*8182  with  1  volume  of  chloroform.  Rosin  oil  dissolves  in  from  10 
to  12  volumes  of  this  mixture  at  23'  C,  whilst  mineral  oils  are  not 
completely  soluble  even  in  100  volumes.  Occasionally  rosin  oil  is 
met  with  which,  when  dissolved  in  10  volumes  of  the  mixture  and 
allowed  to  stand  for  several  hours  at  23'  C,  deposits  an  oily  sedi- 
ment amounting  to  from  3  to  7  per  cent,  of  the  rosin  oil  taken,  but 
if  12 J  volumes  of  the  mixture  be  used  instead  of  10  volumes,  any 
insoluble  residue  then  obtained  may  be  assumed  to  be  mineral  oil. 
Wiederhold  *  considers  that  the  necessity  of  working  at  23'  C.  renders 
the  above  test  impracticable,  and  he  states  that  if  16  volumes  of  the 
chloroformic  alcohol  be  used  the  test  may  be  made  at  a  temperature 
of  15*  C. 

(d)  Folarimetric  Test. — According  to  Valenta,  most  rosin  oils 
are  strongly  dextro-rotatory,  the  rotation  varying  from  30'  to  40' 
in  a  100  mm.  tube.  Demski  and  Morawski  observed  a  rotation  of 
about  60'.  The  rotation  of  seven  samples  examined  by  Pelgry  at  the 
Charlottenburg  Versuchsanstalt  varied  from  32'  to  42'.^  On  the 
other  hand,  pure  mineral  oils  are,  as  a  rule,  optically  inactive,  one 
sample  only  having  been  found  to  give  a  rotation  of  +1*2'.  Dark 
coloured  oils  must  be  decolorized  by  filtration  through  animal 
charcoal. 

(e)  Determination  of  Bosin  Oil  by  Valenta's  Method.^ — Glacial 
acetic  acid  at  60'  C.  dissolves  rosin  oil  much  more  freely  than 
mineral  lubricating  oil.  Thus,  Valenta  found  that  100  grms.  of 
glacial  acetic  acid  dissolved  at  50'  C,  from  ten  different  samples  of 
mineral  oil  experimented  with,  quantities  ranging  from  2-67  to  6-50 
grms. ;  whilst  the  same  quantity  of  glacial  acetic  acid  dissolved  16*88 
grms.  of  rosin  oil.  Walker  and  Robertshaw^  similarly  found  the 
solubility  of  a  sample  of  mineral  oil  in  100  grms.  of  glacial  acetic 

*  Borneo  mineral  oil  of  sp.  gr.  0*97  to  0*99  is  readily  soluble  in  an  equal  v«»lume 
of  acetone.  It  does  not,  however,  give  the  Liebermann-Storch  reaction.  (Jenkins) 
Analyst,  1902,  240. 

'-'  ATialyst,  xviil  (1898),  p.  206  ;  Jour.  Soc.  Chem.  Ind,,  xii.  (1898),  p.  551. 
'  Holde,  Die  UrUernuahung  der  Schmiermittel,  p.  116. 

*  Analyst,  xviii  (1892),  p.  207. 

•  Holde,  Di^  Uniersuchung  der  Schmiermittel,  p.  118. 

•  Jour,  Soc.  Chem,  Ind.,  1884,  648. 
7  Analyst,  1902,  288. 
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acid  to  be  44  grms.,  and  of  two  sainplfs  ot  rosin  oil  l<)  be,  respectively, 
16'6  and  16'6  gruia.,  thus  coiiliriiiiug  Valeuta's  ligiires.  Upon  tfaia 
difference  of  solubility  Valeutii  fans  baaed  the  following  test : — 

S  c.c.  of  the  suspected  oil  are  mixed  in  a  test-tube  with  10  o.c.  of  glacial 
acetic  acid  ;  the  tube  in  immeraed  in  water  at  50°  C.  and  frequently  agitated. 
The  acid  i»  then  filtered  thruugh  a  damp  filter,  the  second  third  of  the 
filtrate  bein«  collected.  A  weighed  quantity  ot  tliia  is  titrated  with 
ittandard  alkali,  and  the  amount  of  acetic  acid  calculated.  The  difference 
between  this  weight  and  that  of  the  quantity  taken  is  the  amount  of  oil 
dissolved. 

Valenta  found  that  the  solubility  of  a  mixture  of  rosin  oil  mid 
mineral  oil  was  not  proportional  to  the  relative  quantities  of  each  in 
the  mixture,  and,  therefore,  Le  did  not  consider  the  above  a  quatiti- 
tittive  method.  On  tiie  other  hand.  Walker  and  Kobertshaw  Found 
that  a  mixture  of  equal  weights  of  mineral  oil  and  rosin  oil  gave  10-84 
per  cent,  of  dissolved  oil,  theory  requiring  10'59  per  cent.  They, 
therefore,  consider  this  the  best  method  of  analysing  quantitatively 
a  mixture  of  mineral  oil  and  rosin  oil.  Allen  has  pointed  out  that 
errors  would  be  caused  by  the  presence  of  roain  acids  in  the  rosin  oil. 
He  proposed,  therefore,  t«  neutralize  the  greater  part  of  the  acetic 
acid  with  alkali,  dilute  with  water,  and  extract  the  rosin  and  mineral 
oil  with  ether.  Probably  the  best  method  of  procedure  in  all  cases 
would  be  first  of  all  to  saponify,  extract  and  weigh  the  unsaponitiable 
matter  (thus  freed  from  rosin  acids),  and  examine  this  by  Valenta's 
method.  The  rosin  acids,  together  with  fatty  acids  from  any  fixed 
oil  present,  could  be  recovcret!  from  the  soap  woliition  and  separately 
determined. 

(/)  Determination  of  Roein  Oil  by  Storch's  Uethod.'— According 
to  Storch,  rosin  oil  mixes  with  absolute  ulcoliol  in  all  proportions, 
but  the  presence  of  a  comparatively  small  proportion  of  water  greatly 
reduces  the  solubility.  Tliua,  96  per  cent,  alcohol  dissolves  from  II '3 
to  16'2  per  cent,  of  rosin  oil,  whilst  90  per  cent,  alcohol  dissolves 
only  from  2*6  to  4'0  per  cent.  Mineral  oil,  on  the  other  hand,  is 
much  less  soluble  than  rosin  oil.  Upon  this  difference  of  solubility, 
Storch  has  based  the  following  method  for  the  determination  of  rosin 
oil  when  mixed  with  mineral  oil : — 

]0  ^rms.  of  the  unBaponifiable  oil,  which  has  been  proved  by  the 
foregoing  tests  to  cimtain  ro«in  oil,  are  gently  warioed  with  SO  grnis.  of  96 
per  cent,  alcohol  (sp.  gr.  0'8123),  then  well  shaken  and  allowed  to  cool. 
All  the  roein  oil,  even  if  60  per  cent,  be  present,  will  now  be  diaaolved  in 
the  alcohol,  together  with  some  of  the  mmeral  oil.  The  alcoholic  solution 
having  been  carefully  drawn  u(f  with  a  fine  pipette  and  transferred  to  a 
small  Erlemneyer  llaak  about  seven  cm.  high,  the  surface  (only)  of  the 
imdiwolved  mineral  oil  is  rinsed  with  a  few  ex.  of  Oil  i>er  cent,  alcohol, 
which  is  also  transferreil  to  the  flask.  T 
bath,  mirrounded  by  a  bottomless  beaker,  and  tl 
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When  the  residual  oil  is  free  from  bubbles,  it  is  cooled  and  weighed.  {Residue 
A .)  Storch  has  proved  that  by  evajwrating  off  the  spirit  in  this  way  the 
loss  of  rosin  oil  is  imperceptible  ;  if  a  beaker  be  used  it  is  greater,  tliough 
veiT  small ;  but  in  a  basin  a  large  loss  occurs.  Residue  A  is  next  warmed 
ana  shaken,  exactly  as  before,  witii  ten  times  its  weight  of  96  per  cent,  alcohol, 
i.e.  with  just  enough  to  dissolve  it  if  pure  rosin  oil,  ancf  the  solution  is 
again  evaporated  and  the  residue  weighed.  {Residue  B,)  Both  residues 
contained  the  whole  of  the  rosin  oil  plus  as  uiuch  mineral  oil  as  the  alcohol 
used  could  dissolve  ;  but,  as  in  the  second  extraction  less  alcohol  was  used 
tlian  in  the  first,  an  insoluble  residue  remained,  consisting  of  the  mineral 
oil  dissolved  by  the  difference  be tw^een  the  two  quantities  of  spirit  employed. 
Knowing  the  weight  of  this  residue  (=  wt.  of  ^  -  wt.  of  B)  and  the  weight 
of  the  alcohol  in  which  it  was  dissolved,  the  solubility  of  the  mineral  oil 
can  be  calculated.  The  weight  of  mineral  oil  in  residue  B  is  thus  found, 
and  the  difference  is  the  weight  of  I'osin  oil  in  the  10  grms.  of  oil  taken. 
Storch  found  by  experiment  that  this  result  is  a  little  below  the  truth,  and 
that  the  correct  result  is  more  nearly  the  mean  between  this  figure  and  the 
weight  of  residue  B, 

Example. 

11*22  grms.  of  mineral  oil  containing  10  per  cent,  of  rosin  oil  were  taken. 

Omu.  Qrmft. 

Ist  Extniction,        .  Alcohol  used,    50*0        Residue  ^4,     1*5136 

2nd         „  .         .  „  15-5  „        By     11584 

Differences,  .        .        Alcohol,  34*5        Mineral  oil,    *3552 

Therefore,  34*5  grms.  of  alcohol  dissolved  0*3552  grm.  of  mineral  oil,  and 
therefore  15*5  grnia.  of  alcohol  dissolved  0*1595  grm.  of  mineral  oil. 

Deducting  0*1595  grm.  fi-oni  the  weight  of  residue  B  leaves  0*9989  griu., 
or  890  i)er  (.ent.  of  rosin  oil.  Residue  B  without  this  correction  is 
e([uivalent  to  10*32  jjer  cent.  The  mean  value  Ls  9*60  per  cent,  which  is 
not  far  from  the  truth. 

(f/)  Determination  by  M'llhiney's  Method. ^ — This  method  depends 
upon  the  fact  that  nitric  iicid,  when  heated  with  rosin  oil,  converts  it 
into  a  brittle  red  resin,  whilst  mineral  oil  is  not  much  affected.  The 
red  resin  is  insoluble  in  petroleum  ether,  in  which  the  mineral  oil 
easily  dissolves. 

50  CO.  of  nitric  ai-id  (sp.  gr.  1*2)  are  heated  to  boiling  in  a  flask  of  700  c.c 
(•Ai)ac.i!y.  The  flame  is  removed  and  5  grms.  of  the  oil  are  dropped  in.  The 
flask  is  then  heated  on  the  water-bath,  with  frecnunt  sliaking,  tor  fifteen  to 
twenty  minutes ;  about  400  c.c.  of  cold  water  are  then  added,  and  the  liquid  is 
made  (^uite  cold.  The  unchanged  mineral  oil  is  then  dissolved  by  shaking 
with  petroleum  ether,  which  is  separated  and  distilled  off  in  the  usual 
manner,  and  the  I'esidual  oil  is  weighed.  As  mineral  oils  lose  about  10 
per  cent,  when  thus  treated,  the  weight  obtained,  divided  by  0*9,  gives  the 
amount  of  mineral  oil  in  the  quantity  of  oil  taken.  A  mixture  consisting  of 
76  per  cent,  mineral  oil  and  24  i^er  cent  rosin  oil  gave,  by  this  method, 
76*8  per  cent  of  mineral  oil. 

^  Jour.  Amer.  Chcm,  Sue,,  xvl  (1895),  p.  885. 
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T.— DETERMINATION  OF  PARAFFIN  IN  MINERAL  OILS. 

The  following  niotlKxl'  w  duu  U,  Hulik-  (iillcr  Kir/hr  mul  Jidhm). 
It  will  seldom  be  renuired,  but  rimj  ootjisioniilly  Ijo  ftmiid  iist'fiil. 

10  U>  30  cc  nf  uiU  ptKir  in  paralliu  (Riuainti  dUlillates,  etc.,  aetling  IhJiiw 


Oaliciau  oils  setting  at  nr  aliuvc  0"  C),  un>  treated,  at  Itui  ordinary 
temperature,  with  a,  tuislatv  ut  98-5  per  oent.  altwliol  and  aiiljydrdiis  other 
(1 : 1)  until  a  clear  sohitiou  is  obtained.  TUu  lii[uld  is  cooled  in  »  freuinivg 
mixture  of  ice  and  salt  lo  alxiul  -20'  to  -21°  C,  when  more  alcohol-ether  u 
gradually  added,  with  Uiumugh  asitation,  niitil  im  oil  drops,  but  only  solid 
paralBi)  flakes  or  cryfiUIs,  remaiu  in  mi!:]vnsioi],  ikiiil  then,  whilat  slill 
cooled  lo  at  lea^t  -19'  to  -21'  C,  the  liqnid 
is  poured  on  Ui  a  uldlled  8  cm.  filler  paper, 
previously  iiioii'teiied  with  the  alvoliol-elher 
mixture,  whiuh  u  ivutnined  in  the  a|>- 
jiaratua  shown  in  lie-  <4.  The  precipitate 
»  waehfd  with  cold  (  -19°  to  -21"  C.) 
alcohol-ether  (1:1;  or  lor  soft  paraffin 
3:1)  at  a  temjieralure  u  much  below 
-15"  C.  ae  possible.  In  llie  cww  of  soft 
panilBn,  the  I«mi>eralnrt>  should  nvenige 
-  1B°  Ui  'IU°  at.  the  highest.  In  u-nshing 
lite  precipitate  it  is  repeatedly  etirred  up, 
and  aa  Mun  as  5>10  cc.  of  the  filtrate 
leaves  on  evaporation  only  a  trace  nf  falty 
or  ]MrafHn-likc  residue,  Mlid  and  not  oily 
at  the  ordinary  temperature,  the  woshiTig 
is  diwoiiUnued.  If  any  doubt  exists  as 
U>  the  paraffin  being  thoroughly  freed 
from  oil,  or  if  the  washing  taktw  loo  long, 
the  Rlt«r  should  he  removed  to  another 
funnel,  and  the  contents  disaolved  Into  a 
small  flask  witli  the  leimt  possible  quantity 
(if  benxinc.  After  evaporation  of  the 
beiixine,  ihc  paralTin  ia  reilisBulved  in  4 
to  5  c.c  of  warm  ether,  which  is  then 
mixod  with  twice  its  vohime  of  absolute 
alcohol,  vigorously  stirred,  and  cooled  to 
-18'  to  -  20*  to  reprecipitate  the  pamflin, 
which  is  again  filtereil  and  wnslied,  aa 
already  described,  until  free  from  nil. 
This  roprecipitation  is  necessary  for  uds 
containing   much  soft  uaralfin,  otherwise 

v<  ninch  liuiiid    is   used   in   woahiiig   tlie  I'araiuii. 

precipitate  llifit  an  appi'eciahiu  (luaniitv  of 

putaffin  ii"  .lissolvod.  The  purified  pa'raffln  Is  tinally  dissolved  inlo  a  tart^ 
(iattk  with  hot  l)enT.ine  or  ethi'r,  which  is  distilled  off,  and  the  rusidin-  ia  liraliil 
on.thosUnun-bath  until  the  smell  of  benwue  or  ellier  has  diwip(K!ared. 
The  flatk  is  then  healed  iuaide  the  waU-r-ovcn  for  a  .|iiarler  of  an  hour  and 
weighed  when  oold.  Pniloagcd  heating  causes  loss  ol  innUlin.  The  whole 
'  Atir.  Set.  Chrm,  /iMt,  ivi,  (1887),  p.  BflS. 
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operation  occupies  from  one  to  two  liour».  Duplicate  results  with  the  sanie 
sample  agree  within  0*23  per  cent  for  hard  paraffin  and  0*33  per  cent,  for 
soft  paraffin.  Two  samples  of  Kiissian  machine  oil  yielded  0*34  per  cent,  and 
0*36  per  cent,  of  ])araffin,  respectively.  An  American  spindle  oil,  fluid  but 
thick  at  +2"  C,  and  which  tiet  at  0*"  C,  was  found  to  contain  4*11  per 
cent,  of  i>araffin. 


U.— ASPHALT  AND  BESIN  IN  MINE&ALS  OILS. 

Such  slight  tendency  to  *  gum '  and  form  sticky  or  resinous 
deposits  as  is  possessed  by  pure  mineral  lubricathig  oils  is  attributed 
by  Holde^  to  the  presence  of  dissolved  substances  of  a  resinous, 
asphaltic,  or  pitchy  nature,  which  gradually  accumulate  in  and 
thicken  the  oil  film,  whenever  the  conditions  of  working  are  such 
that  eva})omtion  of  the  fluid  constituents  of  the  oil  can  take  place. 
These  substances  are  composed,  chiefly,  of  carbon  and  hydrogen,  with 
small  quantities  of  oxygen  and  sulphur,  and  are  regarded  by  Engler 
as  oxidation  products.  They  occur,  chiefly,  in  the  dark-coloured 
*  reduced  '  oils ;  in  the  processes  of  distillation  and  refining  to  which 
the  pale  oils  are  subjected  they  are  for  the  most  part  eliminated. 
Holde  divides  them  into  three  classes : — 

1.  Besins,  soluble  in  70  per  cent.  Alcohol — These  substances, 
which  are  obtained  by  shaking  the  oil  with  70  per  cent,  alcohol  and 
evaporating  the  solution,  resemble  colophony  in  appearance ;  but 
instead  of  giving  a  violet  colour  in  Morawski's  test  with  acetic  an- 
hydride and  sulphuric  acid  (p.  295),  a  yellowish-brown  or  dirty-brown 
colour  is  produced.  Some  have  acid  characters  and  soap-forming 
properties ;  others  are  neutral.  According  to  Holde,  badly  refined 
mineral  oils  may  contain  as  much  as  3  5  per  cent,  of  these  resins; 
but,  as  a  rule,  the  pn)portion  does  not  exceed  0*6  per  cent,  in  pale 
oils  and  1  per  cent,  in  dark  oils.  Some  of  these  resins  are  soluble 
in  petn)leum  spirit,  others  are  insoluble,  but  they  all  dissolve  com- 
pletely in  alcohol-ether  (4  : 3  and  also  3  : 4). 

2.  Asphalt,  insoluble  in  Petroleum  Spirit.— Bender  ^  found  that 
dark-coloured  mineral  oils,  when  dissolved  in  petroleiun  spirit  and 
allowed  to  stand,  deposit  a  substance  which,  when  collected,  washed, 
and  dried,  is  a  fine  powder  resembling  dark  brown  coal  in  appearance, 
having  a  slightly  bituminous  smell,  and  burning  with  a  smoky 
flame.  This  substance  dissolves  easily  in  benzene,  and  is  of  the 
nature  of  asphalt.  Holde  finds  that  the  amount  of  asphalt  thus 
obtained  from  mineral  oil  depends  upon  the  sp.  gr.  and  boiling 
point  of  the  petroleum  spirit  used  (being  largest  with  spirit  of  low 
boiling-point) ;  upon  the  relative  volume  of  spirit  used  (which  should 
})e  large);  and  upon  the  time  of  standing  (which  should  be  at  least 
twenty-four  hours).     The  asphalt,  which  usually  exists  dissolved  and 

1  Jour.  Soc,  Ch&in.  fmf.,  xiii.  (1894),  p.  668  ;  and  ziv.  (1896),  p.  894. 
'  Ibid.,  X.  (1891),  p.  864. 
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Dot  auHpended  iu  the  uil  (the  xiispended  partides  seen  iti  dark  oila 
being,  chiefly,  paratfin  coloured  witli  asphalt),  at  first  diasolvee  along 
with  the  oil  in  the  petroleum  spirit ;  only  on  standing  does  it 
separate  uut,  and  tiie  lesa  there  ia  in  the  oil  the  longer  it  takes  to 
precipitate.  Holde  states  that,  exuept  aa  a  colouring  agent,  the 
influence  of  this  asphalt  at  ordinary  temperatures  is  small ;  but,  when 
the  oil  is  used  at  temperatures  and  under  conditions  in  which  the 
fluid  hydrocarbons  can  evaporate,  the  asphalt  and  resins,  accumulating 
in  the  tilm,  cause  it  to  become  thick  and  sticky,  and  ultimately  dry 
and  resinous.  The  largest  amount  oF  asphalt,  amounttug  to  5  or  6 
percent.,  ia  found  in  Ucrman  (Alsatian  and  Hanoverian)  oils;  the 
amalleat  luautity  is  met  with  in  American  and  Rusxian  oils. 

3.  Aspbalt-Pitch  inBOluble  in  Alcohol-Ether  (4:3).^ISy  dissolv- 
ing dark  mineral  oils  in  a  mixture  of  alcohol  and  etlier,  Holde  has 
obtained  as  an  insoluble  residue  this  substance,  which  includes  the 
asphalt  precipitated  by  petroleum  spirit,  but  is  much  more  fusible, 
resembling  soft  pitch.  The  amount  obtained  from  a  given  oil  in- 
creases with  the  proportion  of  alcohol  in  the  solvent.  With  the  4  :  3 
mixture,  the  amount  of  asphalt-pitch  obtained  from  Russian  oil 
ranged  from  0'I6  per  cent,  in  a  distilled  machinery  oil  to  5-7  per 
cent,  in  a  railway  oil  ;  a  thick  lubricating  oil  from  Oelheim  gave  H'l 
per  cent.,  and  a  very  thick  crude  petroleum  from  VVictze  gave  I5'4 
per  cent. 

For  the  detection  and  detenniiiation  uf  llieNe  subMtanues,  Holde 
proceeds  as  follows  : — 

(a)  Deteminalion  a/  lietitu  toliMe  in  70  fier  eeni.  AUohul.^B-\0  «.c,  of  the 
oil  are  well  ahukeii  in  a  test-tube  with  an  equal  volume  of  70  per  cent, 
aluohol  (Bp.  gr,  0*8698),  the  mixture  beiuL;  heated.  It  is  then  made  ijuite 
colli.  Alter  complete  aeparolion  has  taken  place,  the  alixiliolic  liquid  It 
drawu  otT,  without  logs,  and  evaporated  to  dryness  in  a  tared  beaker 
containing  a  glass  rod.  When  perfectly  dry  and  uuld,  thetzonelsteiLcy  uf  the 
residue  is  a-«}ertaincd  by  feeling  it  with  the  glass  rod,  and  if  sufficient  in 
amount  to  lie  worth  weighing,  it  is  weielied.  Theijuantity  of  nalnral  resin 
thUB  obtained  from  a  pale  mineral  oil  should  not,  says  Holde,  exceed  O'Z 
per  cent.,  and  from  a  dark  oil  IK)  per  cent.  If  a  quantity  notably  in  excess 
of  these  lie  oblaiaud,  the  treatment  with  70  per  cent,  alcohol  should  be 
repeated  until  the  whole  of  the  resin  has  been  extiactod,  and  after 
weigldng  the  residue  it  should  be  tested  liy  the  LiebermaTni-Morawski 
reaction  in  onler  to  ascertain  wlietlier  colophony  has  been  added  U>  the  oil. 
Tlie  addition  of  uolophony  would,  however,  raise  the  acidity  of  the  oil  j  1  per 
oent.  of  addi^  as  oleic  acid  being  ei^uivalent  to  about  r24  per  cent,  uf 
colophony.  If,  therefore,  the  acidity  of  a  mineral  oil  (determined  as 
described  on  p.  SIS)  be  leas  thanO'l  per  tent.,  not  more  than  O'lS  per  cent. 
of  colophony  can  be  iire^sent. 

(6)  beUetvm  and  bitermination  of  AapliaU. — About  0'5  c.c.  of  the  oil  is 
shaken  in  a  test-tube  or  small  (task  with  40-60  c.c.  uf  petroleum  spirit 
boiling  below  35°  C,  and  allowed  to  stand.  In  the  presence  of  asphalt, 
dark  uisoluble  ttakea  appear,  either  immediately  or  within  twenty-four 
hours,  which,  when  collected  on  a  filter,  resemble  asphalt  in  appearance  and, 
whilst  freshly  precipitated,  dissolve  completely  in  coal-tar  benzene. 

To  determine  the  nniount,  from  1  -5  to  3  gnns.  of  an  oil  tid\  w  aa^>»iX>., 
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from  T)  to  20  gnus,  of  an  oil  poor  in  asphalt,  are  dissolved  in  from  900  to 
500  c.c.  of  i)etroleum  spirit  and  allowed  to  stand  for  at  least  twenty-four 
hours,  when  the  greater  part  of  the  precipitate  will  have  settled.  The  clear 
li(|uid  is  then  decanted  through  a  small  filter-paper,  and  the  precipitate  is 
bn)iight,  thereon  and  well  washed  with  petroleum  spirit  until  the  nitrate  leaves 
no  oily  residue  on  eva]K)ration.  The  asphalt  is  then  immediately  ^  dissolved 
oir  the  filter  by  nieauji  of  pure  benzene,  the  solution  is  evaporated  in  a 
tare<l  di.sh,  anci  the  residue  is  dried  at  lOO"*  C.  and  wei^hea.  Duplicate 
exi>erinients  with  the  same  oil  are  said  to  agree  within  0*1  per  cent., 

i>rovided  the  same  description  of  petroleum  spirit  is  used,  but  not  otherwise, 
""or  example,  an  Alsatian  oil  gave  with  petroleiun  spirit  boiling  between 
GO''  and  80'  C.  only  2*1  i>er  cent  of  asphalt,  but  the  same  oil  with  spirit 
distilled  below  50"  C.  yielded  5*5  per  cent.,  and  with  spirit  boiling  below 
41'  C,  5*7  per  cent,  of  asphalt. 

(f)  Pet^'tton  and  Determinatum  of  Asphalt- Pitch. — If  about  0"6  cc  of 
the  oil  be  dissolved  in  5  c.c  of  ether,  and  7  c.c  of  absolute  alcohol  be  added, 
both  the  asphalt  and  the  soft  pitch  separate  in  the  form  of  a  tenacious  deposit 
which  clings  to  the  sides  of  tlie  glass.  This  deposit  is  entirely  s  luble  in 
Ijen/A-ne.     Petroleum  spirit  dissolves  the  pitch  and  leaves  the  asphalt 

To  determine  the  <iniount,  1-2  grnis.  of  the  oil  is  dissolved  in  30  to  40  cc. 
of  aIa)hoi-ether  (4  :  3)  in  a  well-stoppered  flask,  and,  after  well  shaking,  the 
fl}isk  i.s  allowed  to  sUuid  for  one  or  two  days.  The  solution  is  then  poured 
through  a  small  filter,  and  the  flask  and  filter  are  well  washed  with  the 
alcoholic  ether  until  the  filtrate  leaves  no  oily  residue  after  evaporation  at 
the  ordinary  temperature.  Then  the  asphalt-pitch  clinging  to  the  sides  of 
the  flask,  and  any  tli.it  liiis  found  its  way  on  to  the  filter,  ai-e  dissolved  in 
the  Icjist  ]K>ssible  ([uantity  of  hot  benzene,  which  is  evaporated  in  a  tared 
di>h  and  tlie  residue  weighed  after  drying  at  100"  C.  until  constant 

Small  ({uantities  of  resinous  and  tarry  matter  are  obtained  from 
most  minonil  lubricating  oils  y)y  boiling  with  alcoholic  soda  solution, 
as  in  the  process  for  determining  the  amount  of  saponifiable  matter 
(K,  II.,  p.  228).  After  the  alkaline  liquid  has  been  freed  from  all 
mineral  oil  by  shaking  with  ether,  if  it  be  acidified  and  again  shaken 
with  other,  and  the  latter  drawn  off  and  evaporated,  the  resinous 
matter  is  obtained  as  a  more  or  less  dark-coloured  residue. 


v.— CAOUTCHOUC  IN  MINERAL  OIL. 

Caoutchouc  is  sometimes  dissolved  in  mineral  lubricating  oils  to 
produce  a  factitious  viscosity.  In  a  case  investigated  by  Holde,* 
2  per  cent,  of  caoutchouc  was  found  to  have  increased  the  apparent 
viscosity  of  an  oil  from  21*2  to  117  {Kntjlei'),  The  adulterated  oil 
was  of  an  adhesive  or  tacky  nature,  pulling  up  in  threads  when 
touched.  Tested  in  a  Martens*  machine,  the  coefficient  of  friction 
was  found  to  be  so  high,  and  the  rise  of  temperature  of  the  bearing 
s(j  nipid,  its  to  condemn  tlie  oil  as  a  lubricant.  By  dissolving  the  oil 
in  a  mixture  of  alcohol,  3  parts,  and  ether,  4  parts,  the  caoutchouc 

'  If  allowed  to  stand,  the  precipitate  is  apt  to  become  less  soluble  in  benzene. 
'^  Die  Unlersuchung  dcr  ScItmiermitUlf  p.  122. 
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wita  left  insoluble,  aud  the  amount  present  was  Ueterinined  by  collect- 
ing the  insoluble  flakes,  washing,  drying  and  weighing  them. 


W.— DETECTION  OF  SOAP  AND  INORGANIC  SUB- 
STANCES IN  MINEEAL  OILS  AND  GREASES. 

For  the  detection  of  soap  in  lubricants,  the  detenuinatioii  of  ash  ia 
a  valuable  guide  (see  p.  ■104).  Ati  ii  further  test,  about  0'5  c.c.  of 
the  saiaple  may  be  ahakaii  with  6-10  u.c.  of  petroleum  spirit  (redis- 
tilled  b«low  75"  C),  until  dissolved  or  thoroughly  disintegrated. 
Two  pfWRs  then  present  themselved  : — 

(a)  A  clear  soliUioa  u  ulitained. — Adtt  1  c.c.  of  SchweiLiier  awl  Lungwitit's 
rewcnt  (u  suturateil  solution  of  nietajihoAphoric  acid  in  absolute  alcohol, 
laatle  bv  aluiking  excess  of  llie  powdered  acid  with  alcohol  in  a  Btoppered 
bottle).'  If  Hciap  be  present,  even  in  traces,  a  Itocciilent  precipitate  will  be 
pr'iduced. 

TliiB  Ual  wa«  specially  devised  for  the  detection  of  small  quantities  of 


soap  ('  vi^uoni,'  '  gelatin ')  which  are  sometiniei  added  [o  mineral 
oils  to  prouuf  e  a  factitious  viscosity.  The  reaction  depends  u|>oii  the  fact  that 
whilst  tree  metaphuiiiilioric  acid  is  soluble  in  alcohol  and  in  ether,  aluminium 
uietapliosphate  and  the  metaphogphates  of  the  alkalies  and  alkaline  earths 
are  insohible.  The  authors  of  the  test  have  proved  by  ex|>eriments  with 
a  lar^  number  of  Rxed  oils  and  fatn,  mineral  oils,  rosin  oil,  vaseline,  etc., 
dial  if  no  soap  be  present  no  precipitate  is  obtained  in  twenty-four  hours. 
Some  waxes,  however,  also  ozokerite,  are  precipitated  from  their  solutions  in 
tietroleiim  spirit  by  absolute  alcohol ;  therefore,  if  pure  alKHiiute  alcohol  (free 
from  phosplioric  acid)  be  found  to  give  a  precipitate,  the  test  iiiuat  be  re- 
peated, using  ordinary  ether  as  the  wdvent  and  a  solution  of  nietaphosphoric 
auiil  in  ether  as  the  reagent. 

(S)  An  intoliible  ittiiiut  remnttu. — Diasolve,  if  necessary,  a  larger  quantity 
of  the  sulistance  In  more  petroleum  spirit,  filter  throueh  a  small  filler  paper, 
am)  wash  witli  petroleum  spirit  until  all  soluble  oily  matter  is  removerl. 
Then  drive  off  the  petroleum  spirit  by  evaiwration,  transfer  some  of  the  dry 
residue  to  a  small  test-tube,  and  heat  it  with  dilute  hydrochloric  acid.  Soap, 
if  present,  will  be  decomposed,  and  the  fatty  acids  set  free  wilt  be  seen 
Itoaling  on  the  liquid,  either  while  hot  or  after  oooting.  If  the  result  he 
uncertain,  shake  the  cold  liquid  with  a  little  ether,  draw  off  the  ether  with 
a  pipette,  and  evaporate  it  in  a  watch-glass  to  detect  the  fatty  acid,  which 
will  crystallize  on  solidification.  Resin  would  be  recogniieil  by  its  physical 
characters.  The  base  of  the  soap,  whether  aluminium,  calcium,  sodiiuu, 
lead,  etc.,  may  be  detected  by  pouring  the  acid  solution  through  a  wet  Hlter 
and  applying  the  usual  t«3t«. 

Another  portion  of  the  residue  Insoluble  in  petroleum  spirit  may  be  burnt 
in  a  small  platinum  dish  or  porcelain  crucible.  If  no  aeli  remain,  the 
insoluble  matter  was  free  from  soap.  If  soap  be  present,  au  ash  consisting 
uf  the  (Wrbonate  or  oiide  of  the  metallic  base  will  be  obtained. 

The  reaidtie  insoluble  in  petroleum  spirit  may  contain,  besides  soap,  other 
substances,  such  as  graphite,  soaostone,  chalk,  lime,  harytes,  starch,  etc. 

OraphiU  would  be  recognized  by  its  blackness  and  lustre.    It  would  be 

difficult  to  burn,  rer^ulriiig  a  high  tem[>erature  or  a  atreain  of  oxygen.    Soap- 

'  Jour.  Sue.  Chtm.  Ind.,  liii.  (1894),  |i.  1178. 
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Wflnc  aiiJ /mrylM  wmilii  nut  ilisflolvL' in  tliluU:  liyJroclilorit  acid,  snii  wwH 
lie  tittervdoffand  itlentilleii  by  ihe  umial  qiialitAtive  tesui.  /Vm' f I'nw  woaM 
give  B.  red  colciut  with  phenol nhthalein ;  rAatt  wnulii  not,  Imt  wonW 
L'fferveBce  ou  atldiiig  n«iil,     HUifrJi  would  be  delcctci}   by   elie    Mue   mluiir 


X.— DETEBMIHATION  OP  ASH. 

The  ash  of  any  oil  or  fat  free  from  water  may  be  detenuiiied  bj 
weighiug  10  grnia.  in  a  tared  platinum  dish,  placing  the  disb  At  tfa« 
mouth  of  a  gaa  muffle  heated  to  dull  redues9,  and,  as  ttoon  as  the 
oil  logins  to  suioke,  igniting  it  with  a  uiatch.  The  dish  is  then 
pIiKwd  in  Buch  a  position  that  the  oil  will  burn  quietly  anf, 
most  of  the  smoko  being  drawn  into  the  muffle  (whioh  in  perforated 
at  the  back).  When  nothing  hut  a  charred  uiasa  reiu»iD8,  the  dish 
in  placed  inside  the  muffle  until  the  carbon  is  completely  burnt  olT, 
then  earefully  removed  t^  a  desiccator  to  eixil,  and  weighed.  TIip 
piirtieles  of  ash  are  often  very  light,  and  may  easily  lie  carried  awav 
by  eiirrents  of  air. 

In  23  samples  of  pure  mineral  oil  eiamiued  by  Archbntt,  mostly 
dark-colonred  machinery  oils  for  railway  work,  the  percentages  of  ash 
were  :^m««'mum,  0055 ;  minimum,  0002;  average,  0-015.  In  .Id 
samples  of  dark  cylinder  oil,  the  following  percentages  were  found  :^- 
maximum,  0080  ;  minimum,  0002  :  average,  0'025.  These  ashes 
were  generally  red  in  colour,  and  probably  consisted  largelv  of  oiide 
of  iron  from  the  still.  Pale,  refined,  mineral  oils  may  be  expected 
to  leave  much  less  osh  than  the  majority  of  these  samples.  If  a  high 
ash  be  foinid  in  a  pale  mineral  oil,  an  aluminium  sonp  ('  viscom,' 
'  gelatin  ')  may  have  been  added  to  produce  a  factitious  viscosity  ;  in 
tliat  case  the  ash  will  consist,  chiefly,  of  alumina. 

Pure  fatty  oils  and  fats  leave  mere  traces  of  ash,  bone  fat,  which 
contains  Itme,  bein^'  an  exception. 

Soap- thickened  greases  which  eontaiu  water  shoidd  firat  lie  heated 
over  a  very  small  flame  and  stirred  with  a  platinum  rod  until  all  the 
water  has  evaporated.  The  dish,  and  the  rod  which  should  liave 
been  weighed  with  it,  are  then  placed  in  the  mouth  of  the  nuiffle  jind 
treated  as  above  directed.  In  the  presence  of  soap,  more  or  less  con- 
siderable quantities  of  ash  will  bo  obtained,  consisting  of  calcium  or 
sodium  carbonates,  etc.,  etc.,  according  to  the  nature  of  the  soap. 


These  compomids  are  used  for  the  purpose  of  disguising  the 
presence  of  mineral  oils,  by  destroying  their  fluorescence  or  '  bloom.' 
Nitrobenzene  is  easily  recognizable  by  its  powerful  and  charaeteristic 
udour  (if  oil   of   bitter  almonds,    but   nitrouaphllmlene   ciuinnt    ' 
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detected  by  its  smeil.  Creasoo  nre  frequently  sooiited  with  iiitra- 
benseDC  to  di^iiiae  the  nature  of  tlie  fat  or  oil  uHud  in  their  prepara- 
tion. For  the  detection  of  nitronaphthaleiio,  the  following  teat, 
depending  upon  its  reductioti  to  iiapbtliylauine,  has  been  proposed 
by  T,eoiiard  '  and  by  Holde.^ 

A  few  cubii!  centimetree  of  the  oil  arc  warmed  in  an  Erltnnieyer  flask 
with  zinc  dast  and  dihitti  hydrauhloric  acid,  and  the  mixlure  i»  frequently 
agitated.  During  this  process,  the  fiscal  odour  characteristic  of  a-naphthyl- 
Amine  will  be  perceived.  AfWr  the  rednetion  ia  comiilete,  the  contents  of 
the  flask  are  poured  into  n  separating  funnel,  and  the  acid  liquid  in  drawn 
ulT  tliroiwh  a  niter  paper  into  another  separating  funnel.  It  U  there  treatetl 
with  mifficient  caustic  soda  eulution  to  rediesolve  the  !:inc  hydrate  at  first 

Iirecipitated,  and,  after  cooling,  is  rhaken  witli  elher,  which  diBsolvea  the 
iberaled  a-naphthylamlue,  the  presence  of  which  is  indicated  by  the  violet 
colour  and  fluorescence  of  the  ethereal  uolution.  The  latter,  after  drawing 
off  the  aqueous  liquid  and  washing  with  water,  is  evaporated  to  dryneu, 
leaving  a  residue  of  the  violet'Coloured  hose.  On  treating  tida  residue  with 
a  few  drops  of  hydrochloric  acid,  the  cldoride  ia  formed,  which  reniaina 
jiartly  insoluble  uid  partly  soluble,  buL  on  evaporating  the  excess  of  acid 
and  adding  water,  a  clear  aqneous  solution  is  obtaineti,  iu  which  ferric 
chloride  gives  an  a/ure-blue  precipitate.  When  filtered,  this  precipitate 
bnuimes  purple-red,  and  tlie  KUrate  hlue-violet.  Instead  of  treating  the 
residue  with  hydrocldoriK  acid,  and  testing  with  ferric  cldoride,  it  may  he 
diaiolved  in  a  little  alcohol.  On  then  adding  a  drop  of  a  solution  of  sodium 
nitnle  aoidilifd  with  acetic  acid,  a  yellow  colour  is  produced,  which  ia 
changed  to  crimson  by  hydrochloric  acid. 

Nitrobeliaene,  it  preseul,  ia  reduu«d  by  the  zinc  dust  and  hydrochloric  acid 
to  aniline,  which  is  ublaiuHa  on  evaporating  the  ethereal  solution  as  described 
above,  either  pure  or  mixed  with  a-naphthylaniine,  according  to  whether 
nitroiiaphlhalenc  wore  simnltaneously  preaent  or  not.  On  treatment  with 
hydrochloric  acid,  pure  aniline  dissfdvcs  readily,  and  on  diluting  and  adding 
ferric  cliloricli'  u  green  precipitate  is  produced,  which  afterwards  turns  deep 
blue,  and  doea  nut  become  purple-red  even  on  long  standing  ;  the  filtrate, 
instead  of  being  blue- violet,  is  yellow.  When  a-naphthylamine  and  aniline 
are  prewnt  together,  the  precipitate  ia  at  first  arure-blue,  afterwards  dirty 
red-brown,  finally  purple-red,  and  the  filtraU-  is  violet. 


■ 
I 


2. -DETECTION  AND  DETERMINATION  OF  WATER. 

The  presence  of  water  in  palo  oila  is  indicated  by  the  appear-  j 
ance  of  turbidity,  or  by  actual  viaiblo  dropa  of  watA>r  which  sink  ia  ] 
the  oil,  tiiHtead  of  rising  lui  air-hnhblus  do.  Water  in  greoaes  la  j 
indicated  by  the  frothing  luid  eniokling  which  ocuuru  when  a  stuall  | 
([luuility  of  the  grease  is  heated  in  a  dry  test-tuln-,  unit  by  the  c 
dcnanlioit  of  dropa  of  water  on  the  upper,  cool  part  of  the  tube; 
whilst  the  grease,  if  free  from  water,  will  melt  quietly  to  a  clear  Suid.  1 
A  niore  delicate  test  for  the  pn^uiiee  of  tracer  of  water  in  oiU  1 
(eBpeaially  dark  oils)  is  reeoinmeuded  by  Holdc.     A  small  quantity  I 
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(3  or  4  c.c.)  of  the  oil  is  placed  in  a  small  dry  test-tube,  the  interior 
of  which  is  first  coated  all  over  with  a  film  of  the  oil.  The  end  of 
the  tube  containing  the  oil  is  then  heated  by  being  immersed  just 
below  the  surface  of  a  paraffin  bath  at  leO'-lSO'  C,  when,  if  the 
sample  contains  water,  the  vapour  will  condense  on  the  cool,  oily, 
inner  surface  of  the  tube,  .above  the  level  of  the  oil,  forming  a  visible, 
cloudy  emulsion. 

The  determinaUoii  of  water  in  lubricating  greaies  may  be  made  by  one  of 

the  following  methods : — 

1.  By  heating  in  an  air-bath  at  105'-110'  (7.— About  6-10  grms.  of  the 
well-mixed  crease  are  placed  in  a  small  tared  beaker,  and  the  exact  weight 
is  taken,  llie  beaker  is  then  heated  in  the  air-bath  at  105"- 110**  C.  until 
frothing  has  ceased  and  the  grease  has  melted  down  to  a  clear  oil  free  from 
visible  drops  of  water.     It  is  then  cooled  and  re-weighed. 

2.  By  stirring  with  a  thermometer  over  a  naked  flams, — 100  grms.  of  the 
grease  are  heated  in  a  weighed  porcelain  basin  over  a  small  flame,  and  con- 
tinually stirred  with  a  thermometer  at  a  temperature  not  exceeding  105"*  C. 
(221°  F.),  until  frothing  has  ceused  and  the  crease  is  in  calm  fusion.  The 
basin  and  contents,  when  cold,  are  reweighed.  If  the  thermometer  bulb  he 
well  drained  into  the  basin  whilst  hot,  the  small  quantity  of  adhering  fat 
may  be  neglected  ;  or,  the  bulb  may  be  wiped  with  a  small  piece  of  Biter 
paper  counterpoised  with  the  basin. 


The  ftimlytical  exainiimtioti  of  hibricnnts  is  cundiictocl  with  different  J 
objeote  and  on  different  linea  accurding  to  the  nature  of  the  minplfl  1 
U)  Iw  tested.     If  tills  be  an  iiiideacribed  oil,  the  primary  object  ia 
SMuertiiin  wliether  the  aulintanw  ja  a  livdrQcitrbon  oil  free  from  fixtsl 
oil,  n  fixed  oil  or  fnl  free  from  hydrociirban  oil,  or  a  mixtnre  of  tbe  two, 
An  iindeflcribed  hydrocarbon  oil  may  lie  a  mineral  oil  from  petroleum 
or  shale,  a  roHiii  oil,  a  coal-tar  oil,  or  a  oiixturo  of  tboHG.     A  mineral 
oil  ia  Hnbjeoted,  chiefly,  to  physical  tesUi  to  ascertain  its  viacosity, 
flash ing-point,  etc.,  in  order  to  determine  whether  it  in  suitable  for  ] 
uac  ns  a  apindle  oil,  a  machine  or  engine  oil,  or  a  ciylinder  oil ;  and  to  1 
such  chemical  testa,  in  addition,  as  will  show  whether  the  oil  hiw  lieen  ] 
auflioiently  refined,  and  is  free  from  nctdity  and  from  rosin  and  coal- 
tar  oila.     A  fixed  oil,  such  as  mpo  oil,  olive  oil  or  tallow,  h  tested   { 
first  of  all  to  ascertain  whetber  it  is  snfficiently  free  from  acidity 
(eee   p.    218),    and    tbeii    niore    elaborately    to    prove   whether   the  I 
wimplo  ia  geiniinc  or  adultcnttud,  and  especially  whether  any  oil  of  I 
drying  or  semi-Hrj'ing  character  baa  been  added  which  would  tend  1 
to  increase  the  natural  tendency  of  the  oil  to  thicken  i>r  gum  by   I 
oxidation.     A    mixed    lubricant  (which    includes  niost  greases)  con- 
tAiniug  botb  hydrocarbon  oil  and  lixed  oil,  in  addition  perhaps  to  xoap,   I 
water,  etc.,  is  Rrat  tested  'giialitatively  to  find  out  the  nature  of  the  I 
nmin  ingredients,  und  then  u    mure   or  less  complete  quantitative  J 
analysis  in  made  with  thi;  object  of  asucrhiining  tbe  compoeition  of  tbe  J 
uiiitnre.    The  information  thus  obtained  may  be  sitpplcmonted  by  1 
visoosily  and  other  tests,  as  in  the  cose  of  a  pure  mineral  oil. 


A— UNDESCRIBED  OILS. 

The  iiatiiro  of  an  nndc»cribed  lubricating  uil,  if  simple  luul  not  s 
mixture,  ia  almost  always  indicated  by  tbe  smell,  tAste,  or  appmranoe  i 
(colour,  fluoroHcencu,  consist«ncy,  etc.).     How  much  i»n  Iw  detcrminMl  J 
^■^ititjii  «fty  itt  Um  mm  9f  >  uuad  iM.  d«p«Kk  upoa  Mm  * 


308  LUBRICATION   AND  LUBRICANTS. 

of  the  observer.  The  smell  is  best  observed  by  pouring  a  little  of  the 
oil  into  the  palm  of  the  hand,  rubbing  it  with  the  fogers,  and 
smelling  the  warm  oil.  Sometimes  the  oil  may  with  advantage  be 
heated  in  a  capsule  or  small  basin. 

The  specific  gravity  of  the  oil  may  next  be  taken,  by  the  bottle 
method  (p.  173)  if  the  oil  be  a  thick  fluid,  or  by  the  Westphal 
balance  (p.  175)  if  it  be  a  thin  fluid.  Reference  to  the  following 
table  will  then  show  to  which  class  the  oil,  if  pure  of  its  kind,  can 
l)elong : — 

Specific  Gravities  at  60*  F. 

Vegetable  and  animal  oils,  .         .  0-879-0-968  * 

Mineral  oils  from  petroleum  and  sliale,  0'860-0-990  * 

llosin  oils, 0-960-1-01 

Heavy  coal-tar  oil  (grease  oil),     .         .  1*065-1  "100  (Hurst) 

A  pure  rosin  or  coal-tar  oil  will  be  recognized  by  the  smell  and 
high  specific  gravity  of  the  sample,  and  it  will  only  remain  to  apply 
confirmatory  tests,  such  as  the  acetone  test  (p.  295)  and  the 
Lieberniann-Storch  test  (p.  293)  to  identify  rosin  oil.  The  very 
characteristic  smell  and  high  specific  gravity  of  coal-tar  oil  is  suflicient 
to  identify  it  without  further  test. 

The  prol>ability  is,  however,  that  the  sample  will  turn  out  to  be 
either  a  mineral  oil,  a  fixed  oil,  or  a  mixture  of  the  two,  and  to 
distinguish  between  them  in  a  preliminary  way  the  tests  described 
in  Chapter  VII,  section  B.  (p.  219)  may  l)e  applied.  The  further 
investigation  will  be  then  found  in  one  of  the  following  sections. 


B.— MINERAL  OILS. 

By  large  consumers,  mineral  lubricating  oils  are  usually  purchased 
to  specifications  describing  the  character  of  oil  which  has  been  found  by 
practical  experience  to  be  the  most  suitable  for  the  purpose  required, 
and  the  object  of  the  examination  is,  therefore,  to  ascertain  whether 
the  sample  posse8.ses  the  specified  characters.  Such  specifications 
should  state  whether  a  natural,  reduced,  or  refined  oil  is  required, 
what  the  viscosity,  specific  gravity,  flashing-point,  and  setting-point 
must  be,  and  the  degree  of  purity  necessjiry. 

Colour,  Appearance,  and  Odour. — Whether  an  oil  is  a  natural, 
reduced,  or  refined  oil  is  ascertained  mainly  by  its  appearance,  but 
also  to  some  extent  by  other  tests.  Natural  and  reduced  oils  are 
usually  dark  in  colour  and  opaque,  brownish  or  greenish  by 
reflected  light,  and  often  fluorescent  liefined  oils  vary  in  colour 
from  pale  amber  to  orange  or  deep  red,  are  generally  fluoresceut,  and 

'  Vegetable  fats  (Jaoan  wax,  palm  nut  oil)  have  a  higher  sp.  gr.  (see  Table 
XLII.,p.  184). 
^  The  8p.  gr.  of  mineral  lubricating  oils  rarely  exceeds  0*947. 
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arc  cither  perfectly  bright  and  ImuHpareiit  (upiudle  oilis  and  some 
engine  oils)  or  merely  translucent  (charcoal- filtered  cylinder  oils). 

For  the  sake  oF  uniformity,  the  colour  and  appearance  should  be 
observed  under  standard  conditionx,  «.ij.  in  a  J-inuh  (Lovibond)  giatis 
cell  with  parallel  Rat  sides,  held  lirst  between  the  eye  and  a  window 
(appeitrance  by  transmitted  light),  itnd  then  with  the  observer's  liack 
to  the  window  (appearance  by  reflected  light).  Kluureacence  may  be 
observed  by  looking  down  into  the  cell  held  below  the  edge  of  a 
t«blc  or  t>ench  fronting  a  window.  Redwood  examines  pale-coloured 
oils  by  moans  of  IxiTibond'a  tintometer,  using  a  2-inch  cell  and 
matuhing  the  colour  by  meanu  of  coloured  glasses.' 

Mineral  lubricating  oils  should  not  have  auy  empyrciuuatic  odour. 

VisCDsity. — Thia  in  the  most  important  property  of  a  mineral  oil 
which  can  be  measured  in  the  laboratory.  The  knowledge  of  it 
determines  whether  an  oil  ia  suitable  for  use  as  a  spindle  oil,  an  axle 
oil,  a  machine  or  engine  oil,  or  a  cylinder  oil.  The  determination  ia 
usually  made  at  two  temperatures,  viz.  at  60°  or  70"  F.  if  the  oil  be 
fluid  at  those  temperatures,  and,  in  the  case  of  Hpindle  and  machine 
oils,  also  at  100°  or  140*  F.  In  order  to  ascertain  the  extent  to 
which  the  viscosity  is  afTected  by  rise  of  temperature,  cylinder  oils 
lire  conveniently  tested  at  100°  and  212°  F;  there  is  not  much  to 
be  gained  by  making  testa  at  higher  temperatures,  though  in 
Redwood's  viscometer  a  determination  can  be  made  at  as  high  a 
teuiperature  as  400°  V.  The  determination  should  be  made  cither 
by  Redwood's  viscometer  (p.  144)  or  by  Colenian'a  (p.  147);  the 
latter  is  most  convenient  for  temperatures  up  to  212*  F.  All  results 
should  be  expressed,  if  possible,  in  absolute  measure  (p.  155)  as  well 
as  ill  terms  of  rape  or  other  known  oil.  The  viscosities  of  a  number 
of  oils,  in  dynes  per  sq.  cm.,  are  given  in  the  table  on  p.  167. 

Specific  Crravity. — This  is  determined  by  one  of  the  methods 
described  in  Chapter  VI.,  section  B  {p.  172),  and  little  need  be  added 
to  what  has  there  been  said.  The  bottle  method  is  most  suitable  for 
the  thicker  oils,  but  the  Westphal  balance  may  be  used  for  spindle 
oils  and  the  lighter  machine  oils.  The  specific  gravity  is  of  secondary 
importance  in  regar<l  to  the  lubricating  value  of  an  oil,  but  it  servos 
to  identify  the  particular  oil  required,  and  in  sonie  measure  to  detect 
the  presence  of  rosin  and  tar  oils.  Where  there  is  a  choice  between 
two  or  more  oils  from  a  given  source,  all  having  the  required 
viscosity,  preference  should  be  given  to  those  of  lowest  specific 
gravity.  The  specific  gravities  of  mineral  lubricating  oils  are  given 
in  the  table  on  p.  185. 

Flaahiog-point  and  Volatility. — The  flashing-point,  determined  by 
the  Pensky  or  Gray  testers  (pp.  18iS,  190),  should  not  be  lower  than 
300'  F.  for  outdoor  machinery  and  340°  F.  for  mill  work.  Cylinder 
oils  should  flash  at  temperatures  well  above  that  of  the  cylindi 
which  they  are  intended  to  be  used,  say  at  from  450'  F.  U>  60( 
All  cylinder  oils  should  be  tested  for  volatility  by  the  metliod  described 
'  retroUam,  vol.  ii.  |'.  698, 
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on  p.  191,  and  should  not  lose  more  than  1  per  cent,  in  one  hour  at 
the  temperature  of  the  steam  from  the  hoiler. 

Machine  oils  may  also  with  advantage  be  submitted  to  this  test, 
and  the  loss  of  weight  in  one  hour  at,  say,  370*  F.  determined.  A 
great  difference  will  be  fomid  in  this  respect  between  oils  obtained 
from  different  cnide  petroleiuus.  The  rcsidts  given  in  the  following 
table  ilhistrate  this;  the  four  oils,  nimibered  1  to  4,  being  all 
American  mineral  engine  oils  of  the  red  type. 


Table  LXXXIX. — Volatility  Tbsts  of  Machine  Oils. 


Viscosity  (abeohite),  at  eO"  F.,      . 

Viscosity  (absolute)  at  100'  F.,      . 
! 
I  Fla8hing-ix)int  (closed  test), . 

I  Loss  of  weight  in  1  hour  at  370"  F., 


213  2-99 

0-56     '    0-61 

t 

372"  F.     368'  F. 


91 


45-2 


3. 

4. 

2-51 

5-48 

0^1 

0-97 

356"  F. 

346"  F. 

18-9% 

26-7% 

It  will  })e  noticed  that  the  oils  differ  very  much  as  regards 
volatility  at  370'  F.,  and  that  the  volatility  has  no  relation  to  the 
viscosity  and  very  little  relation  to  the  flashing-points  of  the  oils. 

Machine  oils  flashing  below  300*  F.  should  be  tested  for  volatility 
at  100'  F.  and  200'  F.,  the  test  being  continued  until  the  oil  ceases 
to  lose  more  than  0*5  per  cent,  in  one  hour.  A  good  lubricating  oil 
should  lose  little  or  nothing  at  these  temperatures.  A  'natural' 
mineral  oil  flashing  at  200'-210'  F.  was  found  to  lose  6  per  cent,  by 
evaporation  at  100'  F.  and  17  per  cent,  at  200'  F. 

Setting-Point  or  Cold  Test. — This,  in  the  case  of  oils  (not  greases), 
should  obviously  be  as  far  as  jwssible  below  the  temperature  at 
which  the  oil  is  to  be  used.  The  test  is,  of  course,  most  important  in 
the  ciuse  of  oils  for  outdoor  machinery,  such  as  railroad  oils.  For  such 
purposes,  summer  oil  should  remain  fluid  at  32'  F.,  and  winter  oil  at 
15'  F.,if  possible ;  but  allowance  must  be  made  for  American  oils,  which 
will  not,  as  a  rule,  withstand  so  low  a  test.     (See  table  on  p.  200.) 

Greneral  Purity  and  Freedom  from  Adulteration. — In  addition 
to  the  foregoing,  there  are  certain  tests  as  to  which  circumstances 
must  decide  whether  they  should  be  made  or  not ;  these  are  for  the 
detection  of  impurities,  unacknowledged  additions,  or  adulterants. 
The  chief  of  such  substances  to  be  looked  for  in  mineral  oils  are : 

(a)  Soap,  —  Every  mineral  oil  which  has  a  non-homogeneous 
appearance,  or  an  imnatural  viscosity,  or  which  exhibits  a  tendency 
to  form  threads  in  dropping,  should  be  tested  for  soap  by  the  methods 
described  in  Chapter  VII.,  section  W  (p.  303).     If  soap  be  found,  its 
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nature  can  be  ascertaiucd  by  the  aiialysia  of  the  aeh  (see  p.  304  ;  also 
section  E,  p.  224).  By  well  shakmg  some  of  tbe  soap- thickened  oil 
with  dilute  hydrochloric  acid  in  a  stoppered  bottle  heated  hy  immersion 
in  hot  water,  then  pouring  the  contents  into  a  separating  funnel, 
draw'ing  off  the  acid,  and  well  washing  the  oil  with  hut  water,  the 
mineral  oil  can  be  obtained  in  its  natural  state  and  its  true  viscosity 
determined. 

(b)  Ask. — Every  mineral  oil  leaves  some  ash  when  burnt,  hut  the 
quantity  is  usually  minute  {see  p.  304}.  in  an  oil  the  origin  of 
which  is  unknown,  the  amount  of  ash  should  always  be  determmed. 
Au  abnormally  high  ash  indicates  cither  the  presence  of  soap  or  im- 
perfect refining. 

(e)  Fixed  Oil  or  Fat. — An  oil  sold  as  il  pure  mineral  oil  and  at  a 
low  price  is  not  likely  to  contain  a  fixed  oil ;  hut  special  brands  of 
mineral  oil,  especially  cylinder  oil,  not  unfrequeutty  do  contain  an 
1UI acknowledged  small  quantity  of  animal  or  vegetable  oil  to  which 
some  good  or  bad  quality,  revealed  iu  practice,  may  be  due.  There- 
fore, in  testing  an  unknown  oil  alleged  to  he  purely  mineral,  it  is 
alwaj'B  desirable,  sometimea  most  necessary,  to  prove  the  absence  of 
fat  by  carefiU  chemical  analysis.  For  this  purpose  Ruhemaim's  teat 
may  he  used  (p.  219),  but  the  quantitative  method  described  ( 
p.  235  ia  the  only  absolutely  certain  test. 

((/)  Aridily. — Any  refined  mineral  oil  containing  more  than  0'2  p< 
cent,  of  total  acidity,  calculated  as  oleic  acid,  should  be  tested  for 
free  mineral  acid  (usually  sulphuric).  The  method  is  described  on 
p.  217.  tt  is  seldom  necessary  to  test  natural  and  reduced  oils. 
Abnormally  high  acidity  may,  of  course,  be  due  to  the  presence  of 
rosin  acids  contained  iu  rosin  oil  added  na  an  adulterant ;  therefore, 
time  might  be  saved  by  testing  for  rosin  oil  before  testing  for  mineral 
acid.  Rosin  acids  can,  if  desired,  be  isolated  by  the  method  described 
on  p.  238. 

(e)  Boain  OiY.— The  methods  of  detecting  and  determining  the  ]iro- 
portion  of  this  adidterant  arc  described  at  pp.  293-395. 

(/)  Gumming  Profierty. — This  is  scarcely  a  property  of  pure 
mineral  oils,  as  such  oils  do  not  gtim  like  the  fiied  oils.  The 
remarks  under  this  head  on  pp.  372-278  should  be  read,  where  the 
causes  which  may  lead  b)  the  formation  of  deposits  hy  mineral  oils 
are  discussed.  If  there  be  any  reason  for  investigating  the  tendency 
to  form  a  gummy  or  sticky  reaidue  which  a  pure  mineral  oil  may 
appear  to  exhibit  in  practice,  the  '  film  test '  described  on  p.  266  may 
be  used.  In  some  cases  it  may  bo  desirable  to  make  such  a  teat 
upon  a  surface  of  steel  or  other  metal,  or  upon  a  painted  surface. 

{g)  Asphalt  and  Tar. — Little  need  bo  added  to  what  has  been  said 
in  Chapter  VII.,  section  U  (p.  300),  except  that  the  special  testa  for 
these  bodies  are  seldom  necessary  in  the  case  of  Russian  and 
American  oils,  and  need  only  he  maJie  if  the  practical  results  indicate 
their  presence  in  an  objcctionahle  degree. 

(A)  CnowicAoWT.— According  to  the  ituthora'  experience,  this  is 


312  LUBRICATION  AND  LUBRICANTS. 

rare  admixture.  If,  however,  stickiness  or  unnatural  viscosity  of 
a  mineral  oil  be  found,  notwithstanding  the  absence  of  soap,  then 
caoutchouc  8hould  l)e  searched  for.     See  p.  302. 

(i)  Mechanical  ImpuntieH, — Grit  and  dirt  in  a  mineral  oil  would 
be  detected  by  straining  the  oil  through  tine  wire  gauze  or  muslin. 
Water  is  detected  by  the  tests  described  in  section  Z  (p.  305). 


C— FIXED  OILS  AND  PATS. 

The  most  im{>ortant  and  useful  physical  and  chemical  data  for  the 
recognition  of  the  lubricating  oils  belonging  to  this  class  are  included 
in  the  table  on  pp.  314-315,  and  in  the  following  pages  hints  for 
the  examination  of  each  oil  are  given. 

The  first  test  to  make  in  examining  any  fixed  oil  intended  for 
lubrication  is  the  detennination  of  acidity.  This  is  especially  un- 
portant  in  the  case  of  olive  oil,  tallow,  palm  oil,  and  coconut  oil. 
The  two  last,  as  commercially  met  with,  are  usually  quite  unfit  for 
lubrication.  The  more  delicate  and  intricate  the  machinery,  the 
greater  the  need  for  selecting  the  least  acid  oil,  and  the  smaller  the 
maximum  amount  of  acidity  permissible ;  for  no  machinery  should 
oil  be  used  containing  more  than  4  per  cent,  of  free  (oleic)  acid.  The 
reason  for  this  statement  and  the  methods  of  determining  acidity  will 
bo  found  in  Chapter  Vll.,  section  A  (p.  210). 

Wool  or  cloth  oils  are  not  here  alluded  to.  They  often  contain 
very  large  amounts  of  free  fatty  acids  ;  indeed,  commercial  oleic  acid 
is  used  as  a  wool  oil  under  the  name  of  *  oleine  * ;  such  oils  are  quite 
unsuitable  for  the  lubrication  of  machinery. 

Rape  Oil. 

Refined  rape  oil  for  lubrication  and  burning  should  be  clear,  and 
pale  yellow  in  colour. 

The  total  acidity,  calculated  as  oleic  acid,  should  not  exceed  3  per 
cent.  Of  378  samples  of  commercial  refined  rape  oil  examined 
since  1901,  91  per  cent,  satisfied  this  condition  (see  p.  211).  Low 
acidity  is  of  great  importance  if  the  oil  be  required  for  burning  in 
lamps,  since  free  fatty  acids,  as  well  as  free  mineral  acid,  have  a 
charring  action  upon  the  wick. 

In  rape  oil  refined  by  sulphuric  acid,  traces  of  free  sulphuric  acid 
exist,  as  is  proved  by  the  following  experiments. 

100  c.c.  of  rape  oil  and  100  c.c.  of  distilled  water  were  placed  in 
a  large  beaker  on  a  steam-bath,  and  steam  was  blown  through  the 
mixtiu-e  vigorously  for  half  an  hour.  The  oil  and  water  were  then 
poured  into  a  separating  funnel,  the  water  was  drawn  off  through  a 
wet  filter-paper,  and  the  oil  was  washed  with  a  little  more  water. 
After  concentrating  the  aqueous  liquid  to  rather  less  than  50  c.c,  it 
was  again  filtered,  and  the  filtrate  was  titrated  with  deoinormal 
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sodiL,  using  luothyl  umiige  b 
obtAiiied : — 


hicliualor,     Tlie  fuiluwiiif;  results  wui 


julphuric  Aciil  (HjMO)) 


Suttiii, 

Hull,  Istfsiuple, 

Hull,  2n(l  stnijilu, 


0-00S6 
0-0050 

o-ooac! 


TliB  neiitrali/cd  liquids  wi;if  boiled  down  to  2-3  c.o.  and  tested  1 
with  bariuD)  chloride,  and    in   each   ewte  a   precipitato   of   barium  1 
!in1pluit«  was   obtained,  ^¥lul;h    was  eetiiuatod  by  the  eye  to  about 
correspond   with    the   rasnlt   obtained  by  titration.     Thcae  aampIcH 
being  uominereial  oik  oC  good  quality,  not  nelected,  it  may  bi;  asBumed 
thitt  the  percentage  uf  free  miiieral  acid  in  reGned  mpe  oil  should   I 
not  cML-eed  0-006  per  cent,  of  H^SO,,  which  is  equivalent  to  0-035   | 
per  cent,  of  oleic  acid. 

The  specific  gravity  of  genuine  refined  i-apo  oil  suitable  forliibrica-  i 
tion  usually  lies  lietweenO'BU  and  0-9155  at  60"  K. ;  it  should  not  e»- 
ccod  0-91GO,  imd  if  ubove  O-fllGS  either  ravison  or  other  oil  of  more  | 
strongly  drying  character  than  rape  is  probably  prceent.     A  lowoi 
sp.  gr.  than  0-914  would  be  suspiciouit,  for,  although  perfectly  genuine  1 
rajie  nil  may  he  as  low  as  0*9132  in  sp.  gr.,  such  oil  is  seldom  met  ] 
with  in  this  country-.     An  ahiiormally  low  sp,  gr,  might  be  dut 
adnltflration  with  light  mineral  oil. 

The  viscosity  of  rape  oil  is  exccptiunuUy  high,  and  is  a  very  I 
valuable  indication  of  ite  purity.  All  fixed  oils,  except  castor  oil,  | 
likely  to  be  added  as  adulterants  would  lower  the  vtBcosity,  and  | 
although  this  could  be  counteracted  by  adding  castor  oil  or  blown 
the  presence  of  these  oils  would  be  indicated  by  other  abnormal 
cliaractcrs,  oistor  oil  raising  the  acetyl  value  and  both  oils  raising  I 
the  specific  gravity.  Itosin  oil  or  heavy  mineral  oil,  if  present,  would  | 
be  detected  in  the  nnsaponifiable  matter. 

The  Baponification  value  of  genuine  rape  oil  ranges  from  17-00  1 
to  17'50  per  cent.  A  value  in  excess  of  17'50  would  indicate  the  j 
pi-esenco  of  nivison  or  other  more  strongly  drying  oil.  On  the  oi 
hand,  n  viiluc  lower  than  17'0  would  indicate  the  presence  of 
imsaponi liable  oil,  or,  possibly,  of  sperm  or  Arctic  sperm  oil.  Th©  1 
lest  must,  of  course,  be  made  with  every  precaution  to  ensure  -] 
accuracy,  otherwise  the  limits  cannot  be  ao  strietly  defined. 

The  Haumeng  value,  or  rise  of  temperature  on  mixing  60  gnus.  J 
ciC  the  oil  with  10  c.c.  of  siilphnrie  acid  (containing  97  per  cent.  J 
HjjSO,),  ranges  from  about  58'  C.  to  64'  C. ;  the  result  depends  to  J 
HOmo  cxt^-nt  upon  the  '  jKntonul  equatinn '  of  the  operator,  whie' 
not  serious  if  the  instniutions  given  on  p.  2fi2  are  strictly  adhered  to.  J 
A  high  result  indlcati^s  the  presence  of  ravison  or  other  drying  or  J 
Bomi-drying  oil,  and  a  low  rcsidt  indicates  mineral  or  sperm  oil. 

The  unBaponiflable  matter,  determined  by  the  method  on  p.  22&,.J 
sbuuld  not  exceed  'i  per  cent,  iu  genuine  commercial  rape  oil.  loa 
the  uxpreaseduil  ilia  usually  below  1  percent,,  but  in  the  oil  extracted  | 
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Table  XC— Veobtablb  and  AKWi 


R«fer- 
eno«to 
com- 
plete 

V1S9 


184 
167 

199 

204 

0)7 

230 

242 
260 

266 

26:{ 

233 


186 


206 


S66 


186 

281 
266 
214 
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Siwciflc  gravity  at  60'  F., 
Viflcotity  (dynes  per  sq.  cm.). 


8oUdif7ing-point,*F.     . 

MelUng.pofnt,  *F 

Oleo-reftactometer  value  at  22*  C, 
Saponittcation  value,  %, 
Hehiier  value,  X*    .... 
Reichert  value ;  c.c.  per  2*6  grms., 
Reichert-Meiitl  value ;  c.c.  per  6  gnus. 
True  acetyl  value  (Lewkowitach),  7, 


Iodine  value,  ;^, 


Maumen^  thermal  value ;  50  grms.  oil, 
10  c.c.  of  97  X  sulphuric  acid,  'C, 


Unsaponitlable  matter, 


,0* 


Mixed  Fatty  Adds. 
Specific  gravity  at  — ]  C. ,     . 


Holidifying-poiut  or  titre-test,  °  C, 


205        Melting-point, 'C, 


Iodine  value,  %, 


Mixed  Alcoholt. 
Specific  Gravity  at  J^]  C 

Melting-point, "  C 

Iodine  value,  %, 

Saponification  valueof  Mixed  Acetates,  *J, 


RapeOU. 
(Colza  Oil.) 


Olive  Oil. 


0-014-0-916 

1-09-1 -16  at 
60' F. 

11-28 


-M6'  to  -I- 20' 

17-0-17 -6 

06-0-96-1 

0-0-0-8 

0-0-0-3 

1-47 

94-1-105 -6 

58-64 

0-6-1-5 


0-914-0-917 
1*00  at  60'  F. 

21-39 


(^aaturOiL 


0  to  -I- 3-6* 

186-19-6 

94-96 

0-3 

0-46-l'6 

1-06 


76-2-91-7 
(usually  82-87) 


40-46 


0-fr  1-6 


0-969-0-06B 
2-78  at  100'  F. 

-0*4  to  -1-14 


FalmOU. 


0-921-0-936 


-fSr  to  -f46' 
17-6-18-7 
96-3-05-6 

1-4 

1-1-4-0 

14-67-15-06 

81-4-90-6 

56-66 

0-3-0-8 


0-876-0-876     '    0  874-0876 


12 -2 -18-6 

16-21 
96-5-105-C 


17-2-26  4 

19-28-6 
86-902 


13 
86-5-«8- 


80-97 
when  free  froa 
excess  of  add 


19-6-ai)-6 

94-2-97 

0-5-0-8 

07-1-9 

1-60 

.'iS-57-4 


125 


0-870 

35  9-46*6 

41-60 
63-6 
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Tallow 
(Beefaml 
Muttoii). 

T»llow  Oil. 

oil.) 

Urd  Oil. 

HpennOlU. 

Porpalie 

ud 
BltckUgh 
Jaw  Oil*. 

B«i  Oil. 

"■S-"' 

' 

Oil. 

0«.M.«10 

0-91S-0-W9 

1V914-0-B19 

0-87MI-BS4     0-B7tM)*8Sl 

0«f^-920 

o-sie-01117 

^^■t-. 

'«^1'^« 

O-OBBtBO-lf. 

■IxiutHme 
u  Ullow  all 

0-3BO-«.tao-ir. 

.^,. 

Tvublc, 
wjai-M 

M-*2 
(OCCUlOD. 

ally  lower) 
o-to+i' 

^wutSi 

St-lS 

-*to+U 

1»M)-1B'8 

iS'S-so'O 

19-1-lD-H 

19-»-»-9 

120- U -7    ,    U-J-lI-8 

S5-1-M-0 

l8-i-I8-8 

1B-7-10-7 

BIWM 

O-K 

IH'8-»G 

1'3 

1-i 

*7-8-»-B 

W't 

1-0-1-2 

i-o-i-s 

lSl-8 

o-» 

0-I4-0-M 

1-85 

0-M 

02! 

0-*6-0'«    1     0-*l-0-** 

^ 

67-88         ) 

W7-41l'3 

to  Kttlllg- 

polnt) 

'.  BO-8-720 

Bl-3-90'1        07 -1-84-5 
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Olive  Oil. 

Pure  ncutnil  olive  oil  is  one  of  the  l»est  lubricants  wc  possess,  but 
unfortunately  a  great  deal  of  it  is  spoiled  previous  to  extraction,  by 
allowing  the  pulp  to  ferment  and  the  oil  Uj  become  dccoinpusc<l  (see 
pp.  112  and  211) :  also  by  storing  the  oil  in  a  crude  state.  Olive  oil 
intended  for  lubrication  must  therefore  )>e  carefully  examined  for 
acidity  (p.  216).    1  per  cent,  of  free  oleic  acid  should  be  the  maximum 
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allowc<l  liy  liirgc  consumers ;  i4inul1  ijiiuntitiea  of  oil  intended  for  tlie 
lubrication  of  delicate  machinery  ahotild  be  purified  from  every  tmco 
of  acid  by  refining  with  soda  (see  p.  218). 

Olive  oil  should  be  i:tear,  and  pure  yellow  or  green iab-yol low  in 
colour.  Some  genuine  olive  oils  are  green  or  browniith-green,  the 
etiloiir  being  due  to  chlorophyll,  which  may  be  identified  by  means  of 
its  chanwteriBtic  absorption  bands  if  the  oil  be  submitted  to  apectro- 
eonpic  eiamination-  But  there  are  some  adulterated  oIIh  which  ore 
artificially  coloured  green  by  cojiper  ;  this  tnay  be  detected  by  diluting 
some  of  the  oil  with  ether  and  shaking  with  dilute  sulphuric  acid, 
which  will  remove  the  green  colour.  Ou  drawing  off  the  acid  liquid 
Kiid  lulding  eiueas  of  ammonia,  the  deep  blue  colour  cliaracteristie  of 
cnpramiuoniuni  will  be  obtained. 

Olive  oil,  beuig  oue  of  the  most  expensive  lubricating  oils,  b  very 
liable  t«  adulteration,  Tbe  moel  valuable  iuatrument  for  the  rapid 
deloctiou  of  adulteration  is  the  oleo-refractometer  (sec  p.  208).  As 
will  be  seen  by  reference  to  the  table  on  p.  207,  the  recorded  deviation 
caused  by  genuine  olive  oil  ranges  froui  0'  to  +3'5°,  106  Bauiplew 
Knxniinea  by  Oliveri '  ranged  from  0'  to  only  1"2'.  All  fised  oils 
likely  to  be  added  na  adulterants  would  inereaae  the  refraction,  except 
lard,  neatfifoot,  and  tallow  oils.  Araehis  oil,  which  has  a  deviation 
of  only  +  3-5'  to  +  7  0',  would  not  be  detected,  unletH  present  in  large 
proportion,  but  would  be  found  l>y  Henard'H  test  (p,  283). 

The  specific  gravity  of  fairly  ntutnil  olive  oil  at  60'  F.  usually 
rangL'H  from  O-'JIS  (rarely  0'91 1)  to  0-917,  but  may,  it  is  said,  rise  to 
0'91i)  in  the  case  of  dark-coloured  aiimples  coutaining  the  oil  from  the 
kernel  and  cndocarp,^  Such  oils  should  not  lie  used  for  lubricating 
without  a  very  careful  examination  as  to  tbeir  tendency  to  oxidise  and 
gum,  O'S  grui.  of  tlie  oil  tieing  exposed  to  the  air  at  212'  F.  on  a  watch- 
glass  for  sixteen  hours  side  by  side  with  the  same  weight  of  a  sample 
of  known  good  ijiudity.  All  olive  oils  over  0'9I7  in  specifio  gravity 
should  )>e  KubjeetiMl  to  this  test  and  to  a  very  complete  examination 
for  adulterants,  such  as  cottonseed,  stsjaiui^,  curuas,  and  poppyseed 
oils.  Adulteration  with  rape  or  eartbnut  oil  would  not  be  indicated 
by  the  apeciBc  gnivity. 

The  (  M'ij")  iodine  value  of  geimine  olive  oil  uKUully  ranges  from 
S'i'O  to  87'0  ;  averaging  about  8-1 '5.  Some  oils  are  met  with  having 
a  lower  value,  even  na  low  as  TGS.  This  wa«  the  (fiiibl)  Mine  value 
of  an  olive  oil  examined  by  one  of  the  authors,  which  was  found  to 
pomeas  a  quite  normal  specific  gravity  (0'9157  at  60*  F.),  saponifiea- 
tion  value  )1S)03  per  cent,),  and  viscosity  ;  the  unwvixiuifiable  matter 
amuuuttM)  to  only  088  per  cent.,  aracliis  oil  was  absent,  and  the 
colour  reactiniis  fur  coltoiuMied  luid  seoaini'  oils  were  quite  negative. 
The  ac.iflity  was  S-S  per  cent.     The  low  iodine  value  appeared  to  be 

'  ./B"r.  Sw.  '.-a™.  /«<!.,  xiii.  (18»*),  |i.  4ffc 
'  G'liuiii*  Tiinliuiin  oliiH  nil,  it  U  suiiJ.  maj  Iihvb 
IS*  C.  >l>d  an  ioilhic  ralup  ta  liisli  >'   ""  '      " 
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due  to  an  cxccsh  of  pahnitin,  the  oil  being  unusually  sensitive  to  oold 
and  depositing  a  large  proportion  of  solid  fat  at  a  temperature  of  46" 
to  47"*  F.  A  few  olive  oils  of  this  kind  have  been  met  with,  all  of 
which  had  an  iodine  value  below  80'0  per  cent.^  Thomson  and 
Dunlop  in  a  recent  paper  record  Wijs^  values  of  82*2  to  89 '1,  obtained 
with  olive  oils  prc[)arcd  bj  themselves  from  the  fruit  and,  therefore, 
undoubtedly  genuine-  Higher  numbers  still  have  been  recorded  for 
Dalmatian  and  Tunisian  oils.^  It  is  said  that,  in  California,  olive  oil 
is  adulterated  extensively  with  mustard  oil  from  the  white  mustard 
{Braasira  (sinapis)  Alba)  which  grows  there  in  great  profusion.^ 
This  oil  would  raise  the  iodine  value,  and  would  at  the  same  time 
lower  the  saponification  value.  Mustard  oil  contains  arachidic  acid, 
which  would  be  a  further  means  of  detection. 

The  saponificatioii  value  of  genuine  olive  oil,  accordiug  to  De 
Negri  and  Fabris,  who  examined  203  samples,  may  range  from  18 '5 
to  19*6  per  cent.,  and  is  usually  19*0.  Of  400  samples  of  commercial 
olive  oil  examined  by  one  of  the  authors,  the  values  ranged  from 
18*80  to  19*29  |>er  cent.  A  low  saponification  value  might  be  due 
to  the  presence  of  olive-kernel  oil  (which  can  scarcely  be  regarded  as 
an  adulterant),  or  to  adulteration  with  rape,  mustard,  sperm,  or 
mineral  oil.  No  adulterant  likely  to  be  aidded  would  materially 
i-aise  the  8aix)nification  value  of  olive  oil. 

The  Maumeii6  value  of  genuine  olive  oil,  determined  as  directed 
on  p.  262,  is  lower  than  that  of  any  other  vegetable  oil,  ranging, 
according  to  our  experience,  from  40*  to  45*  C. ;  this  test  is,  therefore, 
of  great  value  for  the  detection  of  adulteration. 

The  unsaponifiable  matter  in  genuine  olive  oil  does  not  exceed 
1  *5  per  cent.  ;  a  higher  result  than  this  would  probably  be  due  to  the 
presence  of  hydrocarbon  (mineral  or  rosin)  oil,  or  of  wax  alcohols 
from  Arctic  sperm  oil. 

With  reference  to  specific  adulterants,  the  following  remarks  may  be 
made : — 

GotUmseed  oil,  unless  it  has  been  heated,  would  be  detected  with  certainty 
by  Halphen's  test  (p.  288)  or  by  tiie  Milliau  teat  (p.  289),  both  of  which 
ffive  negative  results  with  pure  olive  oil  and  are  sufficiently  delicate  to 
detect  as  little  as  2  yer  cent,  of  cottonseed  oil,  if  present.  Olive  oil  adulter- 
ated with  cottonseea  oil  would,  of  cuiu-se,  contain  more  than  this  percentage, 
and  the  presence  of  the  foreign  oil  would  be  confirmed  by  the  increased 
refractive  power,  iodine  value,  and  Maumene  value  of  the  sample,  also  by  the 
result  of  the  oxidation  U'nt ;  witliout  this  confirmation  of  the  colour  reactions, 
the  presence  of  cottonseed  oil  as  an  adulterant  could  not  be  certified. 

Semme  oil  would  be  detected,  with  certainty,  by  the  very  delicate 
Baudouin  reaction  (p.  291).  Some  genuine  olive  oils  give  a  pale  ro6e-re<l 
coloration,  but  it  is  unlikely  for  error  to  occur  if  the  sample  be  submitted  to 
confirmatory  quantitative  tests.    Sesam^  oil,  if  present  as  an  adulterant  iii 

^  Lard  oil  was  not  looked  for  in  these  samples. 

3  Analyst,  1906,  p.  281. 

^  Lewkowitscl),  Analysis  of  Oils,  etc,,  p.  627.    See  also  note  2  on  p.  817. 

*  Brannt,  Treatise  on  Oils,  vol.  i.  p.  487. 
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ulive  oil,  wuuld  raiM.'  the  rcfradive  power,  iodine  value,  and  MaiiiiiRii^  value 
of  the  oil,  and  would  inerease  its  drying  and  gumming  propert;. 

EarthniU  (Arachit)  oil  can  only  lie  detected  in  olive  oil  by  Renard'B 
process,  althouBh  the  presence  of  the  oil  might  possibly  be  indicated  by  an 
abnormally  himi  iodine  value.  Earthnut  oil  of  tbe  beat  quality  ie  a  non- 
drying  oil,  and  if  a  sample  of  olive  oil  containing  this  oil  be  found  to  poBseHs 
no  undue  tendency  to  oxidize,  there  if  only  tne  substitiition  of  a.  cheap 
oil  for  one  of  greater  value  t^  be  objected  to.  Some  earthnut  oils  are  not 
'non-drying,' and  olive  oil  containing  such  is  spoiled  for  lubrication,  ft 
must  not  be  forgotten  that  rape,  mustard,  and  perhaps  other  oils  from 
cniciferouH  plants  contain  arac^fiidic  acid.    These  oils  would  betray  their 

Sesence  by  lowering  the  saponification  value,  and  by  raising  the  iodine  and 
aumeu^  values,  of  olive  oil. 

Coilor  oil  would  raise  the  specific  gravity,  viscosity,  and  acetyl  value  of 
the  sample,  besides  increasing  tbe  solubility  of  the  oil  in  alcoliol. 

''umw  ml  would  raise  the  specific  gravity  and  the  Maitment.^  and  iodine 
values,  and  would  increase  tlie  tendency  b)  oxidixe. 

Ardie  tperm  oil,  also  mifieral  and  ronn  oiU,  would  betray  their  presenw; 
by  increasing  the  percentage  of  unsaponi liable  matter,  and  could  be  identi- 
fied with  certainty  and  the  amount  determined  by  examining  the  latter. 

Lard  and  tallotc  oilt  would  be  the  most  difiicuU  to  detect.  They  would 
probably  raise  the  freezine-point  ;  but,  being  non-drying  oils  and  good  liibri- 
canlH,  their  presence  would  not  neceasaiily  be  objectionable,  except  for  the 
fraud.  The  best  method  of  detecting  the  presence  of  either  of  these  oils  in 
olive  oil  would  be  to  isolate  the  stearin,  which  is  absent  from  pure  olive 
oil  (Uehner  and  UitcheU,  Anulyit  xii.  (1896),  p.  316),  or  to  apply  the 
phytosterol  acetate  test  {see  p.  232).  The  phytosterol  isolated  from  pure 
olive  oil  melts  at  1 35°^ 1 36-6 ''G.  ;  iW  acetate  melts  at  120-3'-120-7°  C.  (fiill 
and  Tufts). 

Castor  OU. 

Castor  oil  for  lubricating  should  he  clear,  pale  in  colour,  and  ae 
free  aa  posaible  from  acidity. 

For  the  detection  of  adulterants,  advantage  may  be  taken  of  the 
easy  Bolubility  of  genuine  castor  oil  in  alcohol.  Absolute  alcohol 
diasoiven  castor  oil  in  every  proportion  ;  90  per  oeiit.  alcohol  (ap,  gr. 
0'834)  diBsolves  less,  1  volume  of  caator  oil  requiring  from  24  to  2'94 
volumes  of  90  per  cent,  alcohol  at  20°  C.  according  to  experiments 
by  Itallie.'  A  sample  of  genuine  castor  oil  tested  by  Archbutt  was 
perfectly  soluble  in  2  volumes  of  90  per  cent,  alcohol  at  15°  C. 
Twenty-three  samples  of  Indian  castor  oil,  examined  by  Deering  and 
Redwood,  were  completely  soluble  in  3  volumes  of  alcohol  of  sp.  gr. 
0-830  at  (iO*  F.  (16-5*  c').  It  appears,  therefore,  that  castor  oil,  if 
genuine,  ahould  dissolve  completely  in  3  volumes  of  90  per  cent, 
alcohol  at  20*  C.  It  is  usual,  however,  to  employ  6  vohmies  of  alcohol, 
as  recommended  in  the  Brituh  Phannarnpmia  (1898),  and  we  have 
found  by  experiment,  with  the  sample  of  easily  soluble  castor  oil 
referred  to  above,  that  when  only  5  per  cent,  of  either  rape,  blown 
rape,  cottonseed,  poppy,  maize,  or  utircos  oils  were  mixed  with  it, 
5  volumes  of  90  per  cent,  alcohol  gave  a  strongly  turbid  mixture 
at  15*  C.,  which  deposited  a  small  quantity  of  oil  on  standing.     The 

'  Lewkuwilscli,  Anaiyiiiof  (Hh.tlc.  p.  421. 
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following  test,  originally  recommended  by  Finkener*  (who  used  a 
slightly  stronger  alcohol),  may  therefore  be  employed  with  confidence 
OH  a  rapid  method  of  assay  : — Measure  exactly  10  c.c.  of  castor  oil  in 
a  graduated,  stoppered  test  cylinder,  add  50  c.c.  of  alcohol  (sp.  gr. 
0*834)  and  well  mix.  If  genuine,  a  clear  and  bright  solution  will  be 
obtained  at  15**  C  If  as  little  as  5  per  cent,  of  foreign  oil  be  present, 
the  li(|uid  will  remain  strongly  turbid  even  on  warming  to  20   C. 

The  specific  gravity  of  castor  oil  should  lie  between  0*959  and 
0*9CH,  and  is  usually  about  0*963-0*964.  Adulteration  with  any 
other  uatunil  fixed  oil  or  mixture  of  oils  would  lower  the  sp.  gr., 
and  although  this  might  be  adjusted  by  the  addition  of  roein  oil 
(sp.  gr.  096-rOl),  the  presence  of  the  latter  would  be  easily  detected 
by  (leteruiining  the  amount  and  examining  the  properties  of  the 
unsaponitiable  matter,  which,  in  genuine  castor  oil,  does  not  exceed 
1  '0  per  cent.  Blown  rape  or  blown  cottonseed  oil  might  be  added 
without  altering  the  density,  and  without  causing  any  appreciable 
increase  of  the  unsaponifiable  nuitter. 

The  viscosity  of  castor  oil  greatly  exceeds  that  of  any  other 
natuml  fixed  oil,  but  it  is  exceeded  by  that  of  blown  oil.  Twenty- 
three  samples  of  Indian  castor  oil,  tested  by  Deering  and  Redwood 
in  the  Redwood  viscometer,  required  from  1160  to  1190  seconds  for 
the  outflow  of  50  c.c.  at  100'  F. 

The  acetyl  value  of  castor  oil  (14*6  to  15*1  per  cent.)  exceeds  that 
of  any  other  known  oil  except  grape  seed  oil  (pp.  248,  250),  and  is  one 
of  the  most  valuable  indications  of  its  purity.  Although  blown  oils 
also  have  a  hi«:ch  acetyl  value,  they  do  not  nearly  approach  castor  oil 
in  this  respect  (see  p.  248),  and  the  detection  of  10  per  cent,  of 
blown  oil  in  castor  oil  is  possible.  Grape  seed  oil,  if  present  in 
castor  oil,  would  lower  the  specific  gravity. 

The  Hehner  value  (95*3  to  95*5  per  cent.)  would  be  lowered  by 
adulteration  with  blown  oil,  as  would  also  the  iodine  value  (81  "4  to  90*6 
per  cent.) :  on  tho  other  hand,  the  Eeichert-Meissl  value  (1*1  to  40), 
the  Maumen^  thermal  value  (oG*"  to  66"),  and  the  saponification 
value  (17*6  to  18*7  per  cent),  would  be  raised. 

Among  other  possible  adulterants  mentioned  by  Allen,  poppyseeJ 
oil  would  lower  the  specific  gravity,  acetyl  value,  and  viscosity,  and 
would  raise  the  iodine  value ;  lard  oil  would  lower  the  specific 
gravity,  viscosity,  iicetyl  and  iodine  values  ;  cocmwi  oil  would  lower 
the  specific  gravity  and  the  Hehner  and  iodine  values,  and  would 
raise  the  saponification  value  ;  and  seal  oil  would  lower  the  specific 
gravity,  acetyl  value,  and  viscosity,  and  would  raise  the  iodine  value. 
Cottonseed  and  s*>sawe  oils  would  be  detected  by  the  characteristic 
colour  tests  for  these  oils. 

Palm  Oil 

Palm  oil  is  not,  as  a  rule,  adulterated  with  other  fats,  the  chief 
impurities   being  free  palmitic   acid,  dirt,  and  water.     For  grease- 

»  Jour,  Soc  Chem.  Ind.,  vi.  (1887),  p.  US. 
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making,  low  acidity  la  of  chief  importance,  as  the  dirt  is  atrainod  ofT 
and  the  water  aeltles  out  in  melting.  The  acidity  ii^  determined  by  the 
method  described  on  p.  216,  aud  should  be  neutralized  by  adding 
the  necessiLry  additional  amount  of  soda  in  making  the  grcaac.  The 
proportion  of  dirt  and  water  can  be  determined,  roughly,  by  melting 
the  sample  in  a  100  c.c.  cylinder  standing  in  a  beaker  of  hot  water, 
and  reading  off  the  volume  of  sediment  which  ia  deposited.  Anything 
under  2  per  cent,  may  be  neglected.  If  over  2  per  cent.,  an  allowance 
is  usually  made  by  the  seller.  In  that  case,  a  more  accurate  deter- 
mination may  be  made  by  diasolving  a  weighed  ijuautity  of  the  well- 
mixed  Bample  in  other,  filtering,  washing,  evaporating  the  ether, 
drying  the  fat  and  weighing  it;  the  difference  between  the  weight  of 
dry  fat  and  the  weight  of  the  sample  taken  ia  water  and  dirt. 

Palnmut  and  Coconut  Oils. 

The  high  saponifi cation  nnd  Reichert  values,  and  the  low  iodine 
values,  of  these  two  oils  are  chttmcterisiic,  and  afford  ready  moans  of 
distinguishing  them  from  other  oils  aud  fats. 

Coconut  oil  is  said  not  to  be  adulterated.  If  required  for  lubrica- 
tion, the  most  important  test  would  be  the  determination  of  acidity. 

Tallow. 

Tallow  intended  for  lubrication,  when  melted  in  a  teat-tube,  should 
be  clear,  and  free  from  more  than  traces  of  suspended  matter.  Water, 
if  present,  can  be  determined  as  directed  on  p.  306.  Suspended  im- 
purities  (menibrane,  etc.)  can  be  determined  by  dissolving  a  fair 
sample  (10  to  20  grms.)  of  the  tallow  in  ether  or  petroleum  spirit, 
filtering  through  a  weighed  filter  paper,  washing  out  all  fat  with  the 
hot  solvent,  aud  re-weighing  the  paper  and  contents.  The  latter,  if 
sufficient  in  amount,  may  then  bo  examined  for  possible  adulterants 
Buch  as  starch,  lime-soap,  etc.  In  genuine  tallow,  the  percentage  of 
insoluble  matter  rarely  exceeds  0"2,  and  of  water  1  to  I'5.     (Allen.) 

The  acidity  should,  of  course,  1>o  aa  low  as  possible,  and  should  not 
in  any  case  exceed  4  per  cent,  of  oleic  acid.  This  would  exclude  such 
adulterants  aa  distilled  grease  stearin  and  rosin. 

The  Baponification  veJue  may  range  from  190  to  I9'8  per  cent., 
and  averages  about  19'44.  Paratfin  wax  (saponification  value,  nil) 
would  lower  the  value  ;  palmnut  and  coconut  oils  {sap.  value  24-6  to 
26-8}  would  raise  it ;  bone-fat,  cottonseed  stearin,  and  cottonseed  oil 
ore  without  effect  upon  this  constant. 

The  (Hiilil)  iodine  value  of  genuine  tallow  has  been  found  to  range 
from  34'8  (7'hoemer,  32'7)  to  47'5,  according  to  published  figures. 
We  have  met  with  apparently  genuine  tallow  obsorbing  as  much  aa 
49'3  per  cent,  of  iodine;  possibly,  but  improbably,  bone-fat  or  horse- 
fat  might  have  been  present,  but  not  cottonseed  stearin  or  oil.     Tl^a 

■7.\ 
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average  iodine  value  is  about  40,  according  to  Alder  Wright,  43 
according  to  Archbutt;  Rowland  Williams  puts  it  at  40  to  41, 
Lewkowitsch  at  36  to  40.  The  range  is  about  the  same  both  for 
beef  and  mutton  tallow,  but  the  average  is  probably  lower  for  the 
latter.  Any  tallow  having  an  iodine  value  above  47*0  would  be 
suspicious,  and  might  contain  cottonseed  stearin  (88*5  to  104),  cotton- 
seed oil  (100-9  to  116-9),  horse  fat  (71-4  to  86-3),  or  bone  fat  (46-3  to 
55-8).  On  the  other  hand,  an  abnormally  low  value,  say  below  38, 
might  be  due  to  the  presence  of  paraffin  wax  (4*0),  palmnut  oil  (10  to 
17 -5),  or  coconut  oil  (8-3  to  10*0).  It  is  obvious  that  a  mixture  of 
the  above  fats  and  oils  in  suitable  proportions  might  be  made  which 
would  have  the  same  iodine  value  as  genuine  tallow. 

Cottonseed  stearin  and  cottonseed  oil,  which  are  the  most  frequent 
adulterants  of  tallow,  can,  if  present,  be  detected  by  the  Halphen  and 
Milliau  colour  reactions  (unless  they  have  been  previously  treated  so  as  not 
to  give  these  reactions).  Pure  fresh  laUow  gives  entirely  n^ative  results. 
(Note,  however,  Sevan's  and  others'  observations  with  lard,  p.  289.)  The 
nitric  acid  colour  test  (p.  290)  would  still  be  available,  but  the  results  must 
be  interpreted  with  caution.  Allen  states  that  tallow  which  has  not  been 
washed  and  purifieci,  and  which,  therefore,  contains  particles  of  blood,  acqiiires 
a  light  brown  colour  when  agitated  in  a  melted  state  with  nitric  acid  of 
1  -38  sp.  gr. 

To  prove  the  presence  of  cottonseed  oil  or  stearin,  L.  Mayer  reconmiends  an 
examination  of  the  *oleine'  obtained  by  allowing  the  melted  tallow  to 
crystallize  for  eighteen  hours  at  35°  C.  and  then  squeezing  the  liquid  portion 
through  filter  cloth.  The  iodine  value  of  this  should  not  exceed  55  if  the 
tallow  be  genuine,  but  in  presence  of  cottonseed  oil  or  cottonseed  stearin  a 
much  higher  result  will  be  obtained.  The  solidifying-point  (titre  test)  of 
the  fatty  acids  should  also  be  determined  ;  in  the  presence  of  the  above- 
named  adulterants  it  will  be  lower  than  39°  C.  The  phytosterol  acetate  test 
should  also  be  a])plied  (see  p.  232). 

Bone-fat  leaves  a  variable  but  considerable  proportion  of  ash  on  ignition. 
In  f)  samples  examined  by  Valenta  the  amount  of  ash  ranged  from  0*11  to 
2*01  per  cent. ;  average  1'32.  This  ash  contains  much  calcium  carbonate 
and  oxide.  As  pure  tallow  and  most,  if  not  all,  other  vegetable  and  animal 
fats  leave  a  scarcely  weighable  trace  of  ash,  the  detection  of  bone-fat  should 
not  be  difficult.  Commercial  bone-fat,  according  to  Valenta's  analyses, 
always  contains  a  large  percentage  of  free  fatty  acids  (14*8  to  26*5) ;  adultera- 
tion with  any  quantity  of  such  bone-fat  would  be  excluded  by  the  4  per 
cent,  limit  for  acidity.  Neutral  lK)ne-fat  has  the  characters  of  a  good 
lubricant.  Bone  oil  (bone-fat  oleine)  is  said  to  be  used  for  lubricating 
clocks  and  watches. 

Horse  fat  would  probably  communicate  a  yellow  colour  to  tallow,  would 
tend  to  make  it  soft,  and  would  lower  the  melting-point  of  the  fatty  acids. 
This  fat  (as  well  as  the  above-mentioned)  would  lower  the  specific  gravity 
of  tallow  at  60**  F.,  which,  however,  is  very  rarely  determined. 

Paraffin  wax^  which  is  sometimes  added  to  soft  tallow,  and  usually  reveals 
its  presence  by  reducing  the  saponification  value,  can  be  determined  by 
determining  the  unsapomfiable  matter,  which,  in  genuine  tallow,  does  not 
exceed  0-4  to  ()'6  jxjr  cent.  The  same  process  would  enable  rosin  oil,  if 
present,  to  be  detected,  and  also  woolfaJt, 

ralmnut  and  coconut  oUsj  besides  raising  the  saponification  value  (which 
no  other  likely  adulterant  would  do),  would  increase  the  Reichert  value 


SYSTEMATIC  TESTING  BY  PHYSICAL  AND  CHEMICAL  METHODS.      323 

and  reduce  the  Hehner  value.     The  commercial  oils,  which  are  usually  very 
acid,  would  be  excluded  by  the  acidity  test. 

Valuation  of  Tallow. — By  the  soap  and  candle  maker  tallow  is  valued  by 
the  results  of  Dalican's  titre-test  (see  p.  204).  The  *titre'  {i.e.  the 
solid ifying-point  of  the  mixed  fatty  acids)  of  tallow  intended  for  candle 
making  should  not  be  below  44"  C.  ;  tallow  of  lower  titre  is  used  for  soap- 
making  {Lcwkowitsch).  The  titre  of  tallow  used  for  making  railway  axle 
grease  is  not  of  great  importance,  so  long  as  it  does  not  fall  bSow  41°  C. 

Tallow  Oil. 

Few  analytical  data  have  been  published  for  this  oil.  Allen  gives 
the  specific  gravity  at  60**  F.  as  0'916,  and  the  solidifying-point  as 
0''  to  +  6"  C.  (32**  to  43'  F.).  Gill  and  Rowe  state  the  sp.  gr.  at  100' 
C.  to  be  0*794.  The  oil  should  contain  very  little  free  fatty  acid, 
and,  if  genuine,  should  have  an  iodine  value  of,  probably,  55  to  60. 

*  Ox  oil '  should  be  tallow  oil  expressed  from  beef  tallow.  *  Animal 
oil '  might  contain  the  fat  of  other  animals.  Two  samples  of  animal 
oil  examined  by  one  of  the  authors  had  a  sp.  gr.  of  0*9 187  at  60"  F., 
iodine  values  of  59*7  and  60*4,  and  saponification  values  of  19*35  and 
19*96  per  cent.  On  cooling  to  50*  F.,  no  crystals  formed  in  three 
hours ;  but  on  lowering  the  temperature  to  46**  F.,  crystallization 
commenced,  and  slowly  continued  until  the  oil  ceased  to  flow  on 
inclining  the  tube.  The  low^  percentage  of  acidity  (0*25  per  cent.) 
and  the  high  viscosity  (nearly  equal  to  that  of  rape  oil)  of  the 
samples  were  noteworthy  features. 

Lard  OU. 

The  specific  gravity  of  genuine  American  lard  oil  at  60*  F.  ranges 
from  0*913  to  0*919,  according  to  Schweitzer  and  Lungwitz.^  Ten 
samples  examined  by  Archbutt  ranged  from  0*9162  to  0*9181  ;  of 
these,  two  described  as  American  lard  oil  had  the  highest  sp.  gr. 
(0*9180  and  0*9181),  the  remainder  (probably  of  home  manufacture) 
did  not  exceed  0*9170.  Allen  states  that  the  sp.  gr.  should  not 
exceed  0*9 160.  Adulterants  such  as  cottonseed  and  maize  oils  would 
raise  the  specific  gmvity. 

The  Maumen^  thermal  value  (determined  as  described  on  p.  260) 
of  the  ten  samples  tested  by  Archbutt  ranged  from  41**  to  46*,  practi- 
cally the  same  as  in  the  case  of  olive  oil.  This  is,  therefore,  a  very 
valuable  test,  since  most  oils  likely  to  be  added  as  adulterants,  except 
mineral  oil,  would  increase  the  temperature  reaction. 

The  iodine  value  of  genuine  lard  oil  varies  considerably,  owing 
to  the  variable  proportion  of  olein.  The  interpretation  to  be  placed 
upon  the  result  of  this  test  must,  therefore,  depend  upon  the  congeal- 
ing-point  of  the  oil.  Schweitzer  and  Lungwitz,  who  have  investigated 
this  relation,  determine  the  congealing-point  as  follows : — The  oil  is 

'  Jour.  Soc.  Chem,  Jnd,,  xiv.  (1895),  p.  129. 
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poured  into  a  wide-mouthed  bottle,  immersed  in  a  freezing-mixture  of 
ice  and  salt,  and  stirred  vigorously  with  a  thermometer  :  the  tempera- 
ture is  noted  at  which  the  oil  shows  the  first  sign  of  becoming  cloudy. 
Any  lard  oil  with  higher  iodine  value  than  70  should  not  show  signs 
of  cloudiness  above  40*  F.  The  lard  oils  having  iodine  values  of  from 
60  to  64  are  generally  pasty  at  40'  F. 

The  sapon&cation  value  of  genuine  lard  oil  is  about  19*1  to  19*6. 
Adulteration  with  rosin  oil,  mineral  oil,  or  rape  oil  would  lower  the 
value. 

Rosin  oil  or  mineral  oil,  if  present,  would  be  detected  and  deter- 
mined by  isolating  the  unsaponifiable  matter,  which  in  genuine  lard 
oil  is  less  than  1  per  cent. 

Cottonseed  oil  would  probably  be  detected  by  Halphen's  or  Milliau's 
colour  tests ;  sesame  oil  by  the  furfurol  test.  Vegetable  oils,  as  a 
class,  would  be  detected  by  the  phytosterol  acetate  test  (p.  232). 

Genuine  lard  oil  contains  no  arachidic  or  lignoceric  acids ;  therefore, 
if  these  acids  be  found  by  Benard's  process  (p.  283),  either  earthnut 
oil,  rape  oil,  or  mustard  seed  oil  must  be  present. 

Neatsfoot  Oil 

Commercial  neatsfoot  oil  may  include  oil  from  the  feet  of  sheep, 
pigs,  horses  and  other  animals,  and  is  liable  to  extensive  adulteration 
with  vegetable  oils,  fish  oils,  mineral  oils,  and,  doubtless,  rosin  oil. 
When  properly  prepared  from  fresh  feet,  this  oil  contains  less  than 
0*5  per  cent,  of  free  fatty  acid ;  but  the  commercial  oil,  owing  either 
to  adulteration  or  to  carelessness  in  manufacture,  sometimes  contains 
a  very  large  percentage  of  acidity.  According  to  E.  Grant  Hooper,^ 
as  much  as  34  per  cent,  of  free  oleic  acid  has  been  found. 

There  is  not  sufficient  data  for  defining  the  natural  limits  of  varia- 
tion of  this  oil ;  the  numbers  in  the  table  on  p.  315,  based  upon 
results  obtained  chiefly  by  Lewkowitsch,  and  by  Coste  and  Parry, 
must  be  regarded  as  approximate. 

Seed  oils,  such  as  cottonseed  and  maize,  also  fish  oils,  would  raise 
the  specific  gravity,  iodine  value,  and  Maumene  value.  Cottonseed 
oil  would  probably  be  detected  by  Halphen's  and  Milliau's  colour 
tests ;  sesame  oil  by  the  furfurol  test ;  and  vegetable  oils,  generally, 
by  the  phytosterol  acetate  test  (p.  232). 

Mineral  and  rosin  oil  would  be  found  in  the  unsaponifiable 
matter,  which,  in  genuine  neatsfoot  oil,  probably  does  not  exceed 
1  per  cent. 

Sperm  OU. 

No  means  of  distinguishing  Southern  and  Arctic  sperm  oils,  except 
by  the  smell  and  appearance,  much  less  of  detecting  one  when  mixed 
with  the  other,  can  be  said  to  be  known.     The  most  important  differ- 

^  Jour.  Soe,  Chem.  2nd,,  xvii.  (1898),  p.  5. 
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ence  between  the  oils  appears  to  consist  in  the  respective  melting- 
points  of  the  mixed  fatty  acids,  but  a  sufficient  number  of  authentic 
samples  of  each  oil  has  not  been  examined  to  ascertain  what  this 
difference  really  amounts  to.  No  difference  exists  in  the  refractometer 
values,  Pear  main's  figure  +  50,  for  Arctic  sperm  oil  being  obviously 
wrong.  Samples  of  the  two  oils  kindly  examined  for  us  by  the  late 
W.  Chattaway  in  Jean's  oleo-refractometer  gave  an  identical  reading  of 
-  13.  For  the  two  samples  referred  to  we  are  indebted  to  Mr.  J.  F. 
Ingleby  of  Hull,  and  it  may  be  of  interest  to  give  here  the  complete 
results  of  the  examination  of  these  samples. 

Table  XCI. 


Description 


Colour, 


Odour, 


Specific  gravity  at  60"  F.  (15-5*  C), 
ViscoBity  (absolute)  at  60"  F.  (15-5"  C), 
Freezing-point,     .... 


Refractometer  value  at  22"  C, 
Free  acid,  as  oleic  acid,  %,    . 
Saponification  value,  %, 
loaine  value,  %,  . 

Maumen6  thermal  value  ;  50  grms.  oil 
10  C.C.  of  97%  sulphuric  acid  ;  "  C.) 
Unsaponifiable  matter  (mixed  alcohols),  % 


Mixed  Fatty  Adds, 

Melting-point  (BacVs  method), "  C,     . 
Solidifying-point  (Bach's  method)  °  C, 

Mixed  Alcohols, 

Colour, 

Saponification  value  of  acetylated  pro- 
duct, %, 


1. 

Finest  Southern 
Sperm  Oil. 


Dark  coldeu 
yeflow 

Slight  fishy. 


0-8809 
0-3916 


Deodorized  Arctic 
Sperm  Oil. 


Golden  yellow  ; 

paler  than 

No.  1. 

Fishy ;  more 

pungent  than 

No.  1. 


0-8787 
0-4148 


Both  practically  *  set '  in  ice  at 
32"  F.  (0"  C.) 
-13  -13 

1-2  1-6 

1200  12-50 

84-4  I        81-5 

46-0"  44-8" 


391 


39-7 


21-4" 
161" 


Nearly  white. 
18-49 


16-1" 
10-0" 


Nearly  white. 
18-62 


The  problem,  therefore,  of  detecting  Arctic  sperm  oil  in  SoutVv^rcv 
sperm  oil  being,  for  the  present  at  any  rate,  \£u^\\i>A<(^  \)i^  OcL<(^\fii\!(:»\ 
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methods,  the  two  oils  will  be  considered  as  identical  in  the  following 
remarks. 

The  specific  gravity  of  genuine  sperm  oil  ranges  from  0*878  to 
0*884,  and  would  be  raised  by  the  addition  of  any  fixed  oil  or  fat ; 
this  could  be  corrected  by  the  addition  of  light  mineral  oil,  but  not 
without  lowering  the  flashing-point,  which,  according  to  Allen,  is  as 
high  as  480'  F.  in  the  case  of  genuine  sperm  oil.  Out  of  93  samples 
of  sperm  oil  tested  by  Veitch  Wilson  the  flashing-points  (closed  test) 
of  only  three  samples  were  below  410°  F.,  viz. : — one  sample  400*  and 
two  390"*.  The  others  ranged  from  410*  to  485**  F.,  and  the  averages 
were  457 '5"  F.  for  Southern  sperm  and  446'2'  F.  for  Arctic  sperm. 
There  are  pure  mineral  lubricating  oils  having  the  same  specific 
gravity  and  viscosity  as  sperm  oil,  but  their  flashing-points  are  lower 
than  400*  F. 

The  low  saponification  value  of  sperm  oil  is  characteristic^  but  is 
not  to  be  relied  upon  as  a  test  of  purity,  since  a  mixture  of  a  cheaper 
fixed  oil  with  mineral  oil  could  be  niade  to  have  the  same  value. 
Lobry  De  Bruyn  has  found,  however,  that  in  sperm  oil  adulterated 
with  such  a  mixture  the  presence  of  mineral  oil  can  be  detected  by 
Holders  ted  (p.  219),  since  the  higher  alcohols  formed  by  saponifying 
sperm  oil  do  not  separate  at  once  on  adding  water,  but  remain  for  a 
considemblo  time  dissolved  in  the  soap  solution. 

The  most  reliable  means  of  detecting  the  adulteration  of  sperm  oil 
is  to  isolate  and  examine  the  unsaponifiable  matter.  Genuine  sperm 
oil  yields  from  36*3  to  41*5  per  cent,  of  unsaponifiable  matter,  con- 
sisting entirely  of  wax  alcohols  easily  soluble  in  cold  rectified  alcohol ; 
if  the  unsaponifiable  matter  obtained  from  5  grms.  of  a  sample  of 
sperm  oil  be  normal  in  amount  and  completely  soluble  in  50  *  c.c. 
of  cold  alcohol  of  sp.  gr.  0*834,  the  sample  is  most  probably  genuine. 
For  furtiier  information  as  to  the  properties  of  the  wax  alcohols  from 
sperm  oil,  see  Table  LXI.  (p.  234) ;  also  page  230.  For  the  analysis 
of  mixtures  containing  sperm  oil  and  mineral  oil,  see  p.  245. 


Porpoise  and  Dolphin  Jaw  Oils. 

The  remarkably  high  Eeicbert  value  is  suflicient  of  itself  to 
identify  these  oils.  The  high  saponification  value  and  low  iodine 
value  arc  also  characteristic.  The  results  obtained  by  the  exa- 
mination of  a  sample  of  Kelley's  watch  oil  are  given  on  p.  121. 


D. —BLOWN  OR  THICKENED  OILS. 

Blown  rape  oil  and  blown  cottonseed  oil  (*lardine')  are  usually 
pale-coloured  and  extremely  viscous  oils  having  a  nauseous  odour. 
The  only  natural  oil  which  tiiey  at  all  resemble  is  castor,  and  from  it 

^  Not  less  ;  see  footnote  on  p.  230. 
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they  are  easily  distinguished  by  their  sparing  solubility  in  ulcoliol. 
1''2  o.c.  of  oasti^r  oil,  if  shaken  in  a  test-tube  with  10  c.c.  of  90  per 
cent,  akohol,  will  dissolve  easily,  but  the  same  quantity  of  blown  oil 
remaiua  sppuj'eDtly  insoluble. 

For  the  detectiou  of  blown  nils  in  castor  oil,  see  Cantor  Oil  (p.  319). 
For  their  identification  when  mixed  with  mineral  oil,  the  Following 
characteristics  are  a\'ailablc,  \-ia. : — the  dark  ooiour  prodiiecfl  on 
aa[)onifying  them  with  alcoholic  potash  solution ;  the  high  speciffo 
gravity  at  -^  C,  of  their  insoluble  fatty  acids  (p.  1 85)  ;  the  consider- 
able proportion  of  soluble  non-volatile  ocida  formed  by  their  saponifi- 
iMitiou  (p.  1*23) ;  the  comparatively  low  iodine  value  and  high  at^tyl 
value  of  the  insoluble  fatty  acids  (see  pp.  256  and  25U).  The  soluble 
uon-voliitile  acids  were  determined  by  Thomsou  and  Ballantyne  by 
collecting  the  61trate  and  washings  from  the  insoluble  acids,  distilling 
to  dryness  and  extracting  the  dry  residue  with  ether.  After  expelling 
the  ether  by  evaporation,  the  acids  were  weighed  and  then  titrated 
with  standard  iLlcobolie  potash  solution.  For  the  Reiohert'Meisal 
value  of  blown  oil,  sec  p.  243. 

Blown  oils  have  not  been  sufficiently  investigated  to  enable  daUi  to 
\xs  given  for  distinguishing  them  with  certainty  one  from  another. 
lilown  cottonseed  oil  may  be  recognised  by  the  high  melting-point  of 
the  fatty  acids  (41°  C),  and  may  also  bo  distinguished  fiom  blown 
rape  oil  by  its  highiT  saponihcatiou  value,  provided  the  oils  compared 
have  reached  the  same  or  nearly  the  same  degree  of  oxidation,  i.e. 
have  t>een  raised  in  specific  gravity  about  the  same  number  of  imits 
above  the  average  gravities  of  the  natural  oils.  Thomson  and 
Dallantync  have  found,  by  experiments  with  such  widely  different  oils 
as  rape  and  sperm,  that  the  specific  gravity  and  iodine  value  simul- 
taueotisly  rise  and  fall  in  almost  eiaotly  the  same  ratjo  during  oxida- 
tion. Thus,  a  rise  in  the  specific  gravity  of  I  unit  in  the  third  decimal 
place  was  accompanied  by  an  average  fall  of  0'787  per  cent,  in  the 
iodine  value  of  rape  oil,  and  0'7H9  per  cent,  in  that  of  sperm  oil. 
The  fall  in  the  iodine  vnlue  of  the  rape  oil  was,  however,  more  rapid 
in  the  early  stages  of  the  blowing  process,  nveragiug  0-903  per  iniit 
rise  of  sp.  gr.  during  the  first  five  hours.  Similarly,  the  increase  in  the 
saponification  value  was  more  rapid  at  first,  for,  by  the  time  the  rape 
oil  Iwd  risen  in  sp.  gr.  from  '9141  to  ■9275,  the  saponification  value 
luid  risen  frum  17  39  to  18-30,  i.e.  0067  per  unit ;  but  after  the  oil 
WM  fuHy  blown  and  had  increased  in  sp.  gr.  to  '9615,  the  saponifica- 
tion value  hail  only  risen  to  19'49,  or  an  avcmgu,  during  the  whole 
period,  of  0044  per  unit 

Itlown  oils  should  be  examined  for  acidity  in  the  same  manner  us 
the  oils  they  are  made  from.  As  stated  on  p.  122.  the  tendency  of 
the  blouiu);  process  ia  to  inerease  the  percentage  of  free  acid.  , 
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E.— HIXED  LUBBICANTS. 

Miiod  liihricantB  may  bo  (litlicr  oils  or  greusua,  and  ma;  or  dui^oH 
tHiiiUun  -MKip.     For  the  iict«ction  of  wnip,  see  section  W,  p.  303, 

I.  Mixed  oils  and  greasee  ft«e  from  soap  nui>-  (joutuin  uiiut-nl  oil, 
nvin  ml,  or  (laO-Ur  oil,  togotlier  with  n  flxc^d  oil,  fat,  or  wax  :  the  fii«d 
oil  iiiav  ln'  tk  blown  oil.  Ail  approximate  aualyKJit  may  fn^|iit;ntlf  be 
utadr  by  ISrippcr's  mettiod  (s«;tioii  D,  p,  223), 

A  more  vtnvl  nnalyius  itiHy  be  uiade  by  iaolatiog  aud  weighing  tlie 
\iuaapoiik6ablo  innttcr  (iM.-atioD  E,  p.  '224),  and  then  dctemiJDiug  ita 
ptupvrtiw  and  nature  (sectioo  K,  p.  328).  By  recovoriii;;  tho  mixed 
fatty  »oida  from  iho  soap  solution,  and  siibmittiug'  them  to  exauiinatioa 
(iwotion  G,  p.  235),  the  tatty  iugrodiont  of  the  mixture  may  frujuenU; 
>«  ideutiliL'd  Obviotwly,  the  problem  becomes  simplifiod  when  the 
mixed  oil  is  purcha8t.-d  to  a  specilicatjou  stating  what  the  nature  and 
propiirtiuik  of  the  ouiupouuiit  oils  mtist  be.  For  the  analyses  al 
uiixtures  tontainiug  spemi  oil  or  wool  fat  and  mineral  oil,  seo  p.  24&. 

II.  Tbe  analysis  of  oils  and  greases  contaimng  soap  is  conducted 
i[i  the  following  manner  : — 

10  gmi:^  of  the  sample  arc  stirred  with  ether  in  a  small  l>eakcr 
until  (lisBulved  or  thoroughly  disiutegr»t<^(l.  Tlie  liquid  is  then 
rinsed  with  etlier  into  a  aepsratiiig  funnel  and  shaken  suvenil  timeo, 
with  10  c.c.  each  time  of  hydrochloric  acid  (sp.  gr.  I  -10}  tu  decompose 
all  soaps  and  extract  the  bosos.  The  ethereal  liquid  is  then  wtiihed 
with  wat«r  until  free  from  acid. 

Acid  extract,  ~-This  contains  the  metals  existing  ss  aunpe.  It  is 
first  washed  with  a  tittle  ether  to  remove  mechantcaUy  mixed  oil,  the 
utber  being  added  to  the  main  ethereal  solution.  The  liquid  is  then 
placed  in  a  beaker,  covered  with  a  clock-glass,  and  heated  on  a  warm 
water-bath  until  the  diasolved  ether  has  boiled  away.  It  is  then 
poured  into  a  basin,  evaporated  to  dryness  on  a  steam  bath,  redissolved 
in  hydrochloric  acid  and  water,  tillered,  and  the  metal  or  metals  which 
wore  qualitatively  detected  in  the  ash  may  be  determined  in  the  clear 
solution. 

Ethereal  solutioiL — This  contains  the  neutral  oil  (fatty  and 
mineral),  together  with  all  tatty  and  resin  acids  which  existed  in 
combination  with  the  metal  as  soap.  In  order  to  extract  the  tatty 
and  resin  acids,  the  solution  is  shaken  with  50  c.c.  of  a  2  per  cent, 
solution  of  caustic  soda  (10  per  cent,  caustic  soda  solution,  20  e.c. ; 
rectified  spirit,  lOcc;  water,  to  100  c.c).  The  shaking  shoxild  be  con- 
tinued for  half  to  one  minute  and  bo  not  too  vigorous,  lest  an  emulsion 
be  formed.  After  separation  has  taken  place,  the  soda  solution  is 
drawn  off  into  another  separator,  and  the  ethereal  solution  is  further 
shaken  with  10  cc.  quantities  of  the  dilute  soda  solution  imtil  all 
fatty  aeids  are  extracted  :  it  is  then  wushed  several  times  with  water. 
The  uiixid  alkaline  extract  is  Brst  shaken  with  a  little  ether,  which 
is  added  to  the  neutral  ethereal  solution :  it  is  then  acidifiod,  and  t 
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real  solution  j  it  is  then  acidifiod,  and  U^^^J 
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liberated  fatty  (and  resin)  acids  are  extracted  with  ether  and  weighed. 
The  neutral  ethereal  solution  is  also  evaporated  and  the  residue 
weighed.     We  thus  obtain  : — 

(a)  Metallic  oxides^  existing  as  soap. 

{b)  Faity  {and  resin)  acids  existing  in  the  free  state  and  as  soap. — 
Determine  the  free  fatty  acid  in  a  portion  of  the  orignal  sample 
as  directed  in  section  A,  p.  216;  if  worth  while,  deduct  this 
amount  from  the  total,  and  multiply  the  remainder  by  0*7  to 
reduce  to  anhydrides;  add  the  metallic  oxides;  the  sum  is 
the  amount  of  dry  soap.  Bosin,  if  detected  by  Liebermann's 
test,  may  be  determined  by  TwitchelFs  method.  Phenols, 
from  coal-tar  oil,  if  present  (very  rarely),  would  have  to  be 
separated  from  the  fatty  and  resin  acids  by  distillation  with 
steam. 

{c)  Residual  {neutral)  oil. — This  may  contain  any  or  all  of  the 
following : — mineral  oil,  rosin  oil  {coal-tar  oil),  fixed  oil,  wax, 
and,  possibly,  free  wax  alcohols.  It  must  be  analysed  as 
directed  above,  p.  328,  E,  I. 

In  addition,  the  grease  may  contain  — 

{d)  Water. — This  is  determined  as  directed  in  section  Z,  p.  305. 

(e)  Non-fatty  ingredients;  such  as  plumbago,  talc,  sulphur,  etc. — 
These  will,  for  the  most  part,  remain  insoluble  and  be  drawn 
off  with  the  aqueous  extract.  They  must  be  filtered  off  and 
examined  separately. 

(/)  Eaxess  of  base. — This  is  detected  and  estimated  by  determining 
the  combining  weight  of  the  fatty  acids  and  ascertaining 
whether  the  amount  of  base  found  is  more  than  sufficient  to 
saturate  them. 


CHAPTER  IX. 

THE  MECHANICAL  TESTING  OF  LUBRICANXa 

Introductory. — Although  a  great  deal  of  information  can  be  obtained 
by  the  chemical  analysis  of  lubricants  and  by  determinations  of 
viscosity,  specific  gravity,  flashing-point,  etc.,  it  is  not  always  possible 
even  for  an  expert  to  select  with  certainty  from  these  tests  alone  the 
most  suitable  oil  for  a  particular  class  of  machine.  There  is  no  lahoni^ 
tory  method  of  measuring  the  degree  of  'oiliness'  or  'greasincss' 
which  a  lubricant  possesses,  and  upon  which  its  value  as  a  means  of 
reducing  friction  at  low  speeds  and  under  high  pressures  so  greatly 
depends.  It  also  very  frequently  happens  that  engineers  in  charge 
of  machinery  have  no  means  of  obtaining  expert  advice  regarding 
the  oils  they  use,  and  are  compelled  to  rely  upon  such  tests  as  they 
can  themselves  make.  For  this  purpose,  oil-testing  machines  have 
been  invented  with  bearings  so  arranged  that  any  desired  load  may 
be  put  upon  them,  the  speed  and  method  of  applying  the  lubricant 
varied  at  will,  and  the  frictional  resistance,  heating,  etc.,  accurately 
measured. 

Objects  and  Conditions  of  Mechanical  Testing. — Mechanical  tests 
of  lubricants  and  friction  surfaces  may  be  made  with  two  distinct 
o})ject8  in  view,  one  being  to  mcjisure  the  amount  of  frictional  resistance 
to  free  motion  offered  by  bearings  lubricated  in  different  ways  or  made 
of  different  metals  or  alloys,  and  the  other  to  determine  the  relative 
oiliness  or  greasiness  of  the  lubricants. 

Useful  hints  concerning  the  endurance  of  oils  may  also  be  obtained 
})y  observing  the  changes  which  the  friction  undergoes  after  the  oil 
has  remained  exposed  for  some  hours  to  the  air. 

Specially  designed  machines  have  furnished  data  which  have  enabled 
Osborne  Reynolds  to  place  the  mathematical  theory  of  *  perfect' 
lubrication  upon  a  firm  basis,  with  the  result  that  the  part  played 
by  viscosity  in  the  reduction  of  the  frictional  resistance  between 
cylindrical  journals  and  their  bearings  is  clearly  understood.  Indeed, 
it  may  safely  be  said  that  mechanical  testing  machines  have  yielded 
to  skilful  operators  information  which  is  slowly  but  surely  leading 
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un^necrs  to  substitute  Eor  did  metliodH  at  lubricatiuu  new  ones  whiuli  M 
give  greatly  increnaed  cfficioucy.  I 

A  mechanical  besting  machine  is  thus,  froDi  a  practical  point  of  I 
view,  far  from  being  a  useless  contrivance,  and  should  lie  rt-^rdcd  I 
OS  an  indiitpensuble  part  of  the  equipment  of  a  modem  oil-tusting  I 
laboratory.  I 

The  more  closoly  the  conditions  under  wbitth  the  oil  is  to  work  in  M 
pnictice  are  approached,  the  more  satisfactory  will  be  the  results  I 
obtained ;  for,  from  the  point  of  view  of  frictioiml  loss,  every  change  I 
wliich  occurs  in  the  load,  in  the  speed  of  the  journal,  iu  the  method  ■ 
of  supplying  the  lubricant,  or  in  the  rubbing  surfaces,  has  an  important  m 
effect  upon  the  frictional  resistance.  In  order,  on  tlie  other  hand,  to  V 
determine  the  oiliness  orgreasiness  of  a  lubricant,  it  is  necessary  to  I 
eliminate,  as  far  as  possible,  results  duo  to  viscosity.  '  Imperfect '  I 
methotls  of  lubrication  admit  of  this  being  done  niost  satisfactorily,  I 
experiment  haviug  shown  that  whereas  at  low  speeds  grensiness  is  M 
nu  all-important  factor,  in  perfect  lubrication  at  high  spewis  viacosity  I 
plays  the  more  important  part.  I 

Thin  Rims  and  low  speeds  are  also  the  most  suitable  conditions  m 
under  which  to  ascertain  the  effects  resulting  from  changes  in  tha  I 
nature  of  the  metals  in  contact,  as  at  high  speeds  a  brass  Is  generally  I 
lifted  ouitc  off  itA  journal  by  the  forntatiou  of  the  prcraurc  Rim.  I 

Design  of  Oil-testii^  MachiaeB. — Numerous  forms  of  machine  have  I 
been  bnill  and  used  for  testing  purposes,  varying  in  design  according  I 
t*)  thu  effects  which  it  has  been  desired  to  measure,  and  which  may  I 
be  summarized  as  follows  :-^  I 

(1)  Comparative  oilincss  or  greasineas  of  lubricantit.  I 

(2)  Frictional  effects  due  to  viscosity.  I 

(3)  Effects  resulting  from  different  metliods  of  applying  the  I 
lubricant.  I 

(4)  Effect*  produced  by  different  meUtIa  working  in  contjict,  I 
(6)  Effects  of  temporatui-e  ou  friction.  I 

(6)  Kffccts  prodriw-d  by  different  loads.  I 

(7)  Effei'U  produced  by  varying  speeds.  I 
A  description  of  a  few  only  of  the  different  types  of  machine  designed   I 

for  ordinary  testing  work,  or  which  have  been  used  for  experimental  1 
purpcjHcs,  will  here  Iw  attemjited ;  the  nature  of  the  tests  which  may  I 
bo  mailo  with  thorn  Iteiug,  in  some  cases,  given.  This  can,  liowever,  I 
only  he  clone  in  an  iucomplote  manner ;  for  the  subject  is  an  extremely  I 
complex  one.  each  kind  of  inachiau  requiring  diffeiont  treatment,  and  I 
laung  euiialile  of  affording  valuable  information  if  placi'd  iu  the  hands  I 
of  an  ojierator  who  lias  u  knowledge  of  the  theory  nF  lubrication  and  I 
has  had  some  cxperienuu  iu  the  miinngemcnt  of  mocliinory,  I 

It  must  IjB  remembered  that  every  change  of  speed,  load,  method  I 
of  lubrication,  toniporature,  form  of  bearing,  and  condition  of  rubbing  fl 
surface  has  some,  frequently  a  considerable,  effect  upon  the  frictionid  1 
rusiataiiv^'  ubluiiied  with  each  lutirioiint,  and,  therefore,  that  (.Iv&l 
prubtenis  arising  in  the  eounsu  of  such  expcr\inM\\«i  -smtV  mc  iAvmI 
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very  intricate  aud  difficult  of  Holution.  If,  for  instance,  a  number  of 
oils  tested  under  small  loads  fall  in  a  particular  order  of  merit  as 
regards  friction-reducing  power,  on  testing  them  with  heavier  loads 
the  order  may  be  found  to  have  entirely  altered.  Changes  of  speed 
prrxluce  even  more  marked  differences,  sometimes  increasing  aud 
souictiuies  decreasing  the  friction.  These  points  have  been  dealt 
with  in  some  detail  in  Chapter  IV.,  on  *  The  Theory  of  Lubrication.' 
Much,  however,  still  remains  to  be  learned  concerning  the  frictional 
n^sistancos  of  bearings  when  running  at  low  speeds  with  different  loads. 
This  point  will  be  briefly  discussed  in  Chapter  X.,  on  *The  Design 
and  Lubrication  of  Bearings.' 

Mechanical  testing  machines  vary  greatly,  not  only  in  the  shape  of 
the  contact  surfiices,  but  also  as  regards  the  indications  which  they 
give  concerning  the  degree  of  frictional  resistance  encountered.  In 
some  machines  the  roUiting  surface  assumes  the  form  of  a  wheel  or 
drum  upon  w^hich  a  l)earing  block  is  pressed.  In  others  it  is  a  disc, 
the  flat  side  of  which  is  pressed  against  a  similar  disc.  But  in  the 
machines  most  commonly  used  the  contact  surface  takes  the  form  of 
a  cylindrical  journal  a  few  inches  in  diameter,  upon  which  rests  a 
weighted  bearing-block  or  brass. 

It  has  been  shown  (p.  64)  that  the  conditions  under  which  lubri- 
cation can  be  effected  with  cylindrical  rotating  surfaces  are  quite 
diflerent  from  those  which  obtain  with  discs  or  other  plain  surfaces. 
It  will,  therefore,  be  convenient  to  deal  first  with  the  rotating  cylin- 
drical or  dnnn  form  of  machine,  and,  subsequently,  with  machines  that 
give  the  frictional  resistiinces,  etc.,  between  discs  and  plain  surfaces. 

Cylinder  or  Drum  Machines. — Thurdon^s  Oil-tenting  Machine. — 
This  machine,  which  is  made  by  Messrs.  W.  H.  Bailey  <&  Co.  of 
Manchester,  is  frequently  used  in  England  and  America.  It  is 
convenient,  and  easily  kept  in  order ;  for  scientific  work,  however, 
it  is  hardly  suitable.  Two  sizes  are  made :  one,  a  small  machine, 
occupying  but  little  space  and  requiring  very  little  power  to  drive  it ; 
and  another,  of  much  larger  form,  suitable  for  railway  work. 

Of  these,  the  larger  machine  only  will  be  described.  It  has  a 
cylindrical  journal  against  which  work  two  brasses,  one  above  and 
the  other  below.  Slung  from  the  upper  brass  is  a  hollow  pendulum 
containing  a  strong  spring,  the  upper  end  of  which  lifts  the  bottom 
bniss  against  the  journal,  whilst  the  lower  end  depresses  the  pendulum 
and  helps  to  weight  the  upper  brass. 

Fig.  75  is  a  side  elevation,  with  brasses  and  pendulum  in  section, 
and  fig.  77  is  a  photo-print  of  this  machine  as  used  by  the  authors. 
Fig.  76  is  a  front  view  of  part  of  the  machine  drawn  to  a  larger 
scale.  The  hollow  shaft  A,  driven  by  a  cone  pulley  B,  is  mounted 
on  a  strong  cast-iron  stand,  the  forked  ends  of  which  form  the 
bearings  upon  which  it  runs.  One  end  of  the  shaft  projects  beyond 
the  bearing  and  is  fitted  with  a  bush  C,  on  the  outside  surface  of 
which  the  oil  tests  are  made.  This  enables  various  metals  to  be  used 
as  bearing  surfaces,  for  the  bush  can  be  removed  and  another  put  in 
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its  place.     The  })ox  EE,  forming  the  head  of  the  pendulum,  holds 
the  two  bearing  brasses  DD,  on  which  the  pendulum  is  slung  from 

^ 


Fio.  76. 


the  journal.  In  order  to  enable  the  operator  to  vary  the  pressure 
of  the  brasses  against  the  journal  at  will,  the  pendulum  is  constructed 
as  follows: — A  brass  tube,  H  (figs.  75  and  76),  is  screwed  "into  tVjiA 
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axle-box  E,  which  passes  round  the  journal  and  holds  the  bearings  D 
in  position.  In  the  upper  part  of  this  tube  is  loosely  fitted  a  distance 
piece  (),  which,  by  the  action  of  a  strong  spring  below  it,  forces  the 
luider  brass  against  the  journal.  The  end  of  the  spring  does  not 
press  directly  against  the  distance  piece,  but  upon  a  screwed  washer, 
K,  threaded  upon  a  rod  M,  which  has  a  square  end,  by  means  of 
which  it  can  be  rotated.  At  its  lower  end  the  spring  rests  upon  a 
cap,  I,  screwed  to  the  tube  H,  by  which  the  stress  on  the  spring  is 
brought  to  bear  upon  the  upper  bearing  D,  as  well  as  on  the  lower 
one.  To  compress  the  spring  and  increase  the  load  on  the  bearings, 
the  square  end  of  the  rod  M  is  rotated,  which  lowers  the  washer  K, 
to  which  is  fixed  the  index  finger  Y.  A  graduated  scale,  Z,  screwed 
to  the  tube  H,  shows  the  weight  per  square  inch  and  the  total  weight 
on  the  brasses  for  every  position  of  K.  A  ready  means  of  taking 
the  pressure  off  the  brasses  is  furnished  by  the  nut  P,  which  can  be 
screwed  down  luitil  the  key  R,  against  which  it  presses,  separates  the 
distance  piece  ()  from  the  bearing. 

It  is  evident  that  any  friction  between  the  brasses  DD  and  the 
journal  C  will  avuse  the  pendulum  to  move  in  the  direction  of 
revolution  of  the  shaft,  and  the  greater  the  friction  the  further  will 
the  pendulum  swing,  the  angular  movement  being  indicated  by  the 
pointer  V  moving  over  the  arc  W  (see  fig.  76).  As  the  moment  of 
resistance  of  the  pendulum  varies  with  its  weight  and  the  position  of 
its  centre  of  gravity,  it  is  possible  to  vary  very  considerably  the 
scale  of  total  frictional  resistances  marked  on  the  arc  W.  When  an 
open  scale  is  required,  the  castings  I  and  J  are  suitably  reduced  in 
weight,  as  shown  in  the  figure ;  a  counterbalance  can  also  be  placed 
on  a  pillar  screwed  into  the  top  of  the  axle-box  E.  Of  course,  each 
alteration  of  the  position  of  the  centre  of  gravity  of  the  pendulum 
nccessitiites  a  corresponding  change  in  the  graduation  of  the  scales 
W  and  Z,  and  for  this  reason  it  seems  preferable  to  graduate  the  arc 
in  degrees  instead  of  in  total  frictional  resistances  (see  p.  339). 

Tlie  lubricant  can  be  supplied  to  the  journal  by  means  of  pads, 
fixed  in  the  sides  of  the  axle-box,  the  method  of  supplying  the  oil  to 
the  pads  being  varied  according  to  the  conditions  of  lubrication 
inidcr  which  it  is  desired  to  experiment.  Another  method,  used  by 
the  authors,  is  shown  in  fig.  76.  a  a  are  glass  tubes  passing  through 
corks  fixed  in  holes  in  the  sides  of  the  axle-box.  Each  tube  is  drawn 
down  to  a  fine  orifice,  through  which  a  double  strand  of  cotton  wick, 
/>,  is  passed,  held  by  means  of  a  looped  platinum  wire,  w.  The  tube 
is  filled  with  the  oil  to  be  tested,  which  is  conveyed  through  the  wick 
on  to  the  journal.  By  varying  the  size  of  the  orifice,  the  rate  of 
feed  of  the  oil  can  be  altered  at  will.  The  oil  fed  in  this  way  on  to 
the  journal  does  not  spread  itself  evenly  along  the  upper  brass,  but 
tends  to  collect  at  the  middle ;  and  at  high  speeds,  if  the  feed  of 
oil  be  rapid,  it  tends  to  collect  in  drops,  and  to  fall  away  from  the 
journal  without  wetting  it.  It  was  found  that  this  could  be  pre- 
vented by  placing  a  knitting  needle,  c,  in  the  angle  between  the  brass 
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and  the  journal.  The  knitting  needle,  which  Is  held  in  poeition  by 
the  tension  of  the  oil-tilm,  rotates  rapidly,  and  epreads  the  oil  from 
end  to  end  of  the  brasB.  Two  sniall  hooka,  k  (the  front  one  only 
shown),  fixed  to  the  ends  of  the  brass  prevent  the  needle  from  falling 
away  when  the  machine  stops,  or  if  the  tension  of  the  oil  film  should 
become  momentarily  weakened.  To  spread  the  oil  along  the  lower 
brass,  a  narrow  strip  of  sheet  brass,  p,  is  soldered  near  one  edge,  so 
as  to  form  with  the  journal  a  channel  which  collects  the  oil.  This 
lower  brass,  in  the  machine  used  by  the  authors,  is  crescent  shape  in 


section,  and  is  supported  in  a  well  lubricated  steel  cradle,  r,  which 
allows  a  little  sideplay  in  the  ailo-box,  and  enables  the  friction  surfaces 
to  place  thcmselyes  in  that  position  which  gives  the  greatest  carrying 
power.  Suitable  grooves  cut  in  the  steel  cradle  collect  the  surplus 
oil  which  falls  from  the  journal  and  brasses,  and  conduct  it  into  the 
trough  d  (fig.  76). 

To  assist  in  distributing  the  lubricant  evenly  over  the  journal,  and 
to  prevent  both  it  and   the  brasses    from    wearing  viv  tv&i^fn^  "^vk 
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latest  fomi  of  Thurston's  machine  is  fitted  with  an  eccentric  N,  fig. 
75,  actuating  the  rod  L,  which  slowly  moves  the  brasses  backwards 
and  forwards  along  the  journal.  With  this  device  attached,  the 
readings  obtained  by  making  a  series  of  tests  of  the  same  lubricant 
show  fewer  and  smaller  discrepancies  than  can  be  obtained  when  the 
brass  has  no  lateral  play. 

In  the  machine  as  usually  supplied,  a  thermometer,  the  bulb  of 
which  is  let  into  the  metal  of  the  upper  bearing,  measures  the 
temperature  to  which  the  latter  is  raised  by  the  friction.  In  the 
machine  used  by  the  authors,  the  hollow  brass  pillar,  S  (fig.  75)  is 
screwed  into  the  top  of  the  axle-box,  and  through  this  a  thin  steel 
tube,  X,  closed  at  the  lower  end,  is  passed  into  a  conical  hole  in  the 
upper  brass  into  which  the  end  of  the  steel  tube  fits  closely.  In  this 
tube  an  ordinary  glass  chemical  thermometer,  T,  is  placed,  the  bulb 
of  which  is  immersed  in  mercury  which  fills  the  lower  end  of  the 
steel  tu})e.  When  it  is  desired  to  remove  the  pendulum  from  the 
testing  journal,  the  steel  tube  X  is  taken  out,  and  a  brass  cap  with 
a  ring  at  the  top  is  screwed  on  to  the  brass  pillar  S.  By  means  of 
an  attachment  from  a  small  overhead  travelling  crane,  the  pendulum 
may  thus  be  easily  moved  off  and  on  the  journal. 

To  the  pendulum  and  stand  is  sometimes  attached  a  cord  or  chain, 
of  such  length  that  the  pendulum  cannot  swing  beyond  the  desired 
limit. 

The  machine  should  be  driven  at  a  very  regular  speed,  preferably 
by  an  electric  motor,  and  such  gearing  should  be  used  as  will  enable 
it  to  bo  run  at  a  variety  of  speeds ;  for,  with  good  lubrication  we 
may,  roughly,  consider  that  at  high  speeds  and  moderate  loads  it  is 
the  viscosity  which  controls  the  frictional  effects,  whilst  with  low 
speeds  and  heavy  loads  the  efficiency  of  the  lubricant  depends  upon 
its  oiliness  or  greasincss,  as  well  as  upon  its  viscosity. 

To  the  latest  form  of  this  machine  there  is  attached  an  automatic 
recording  apparatus,  which  registers  on  a  sheet  of  ruled  paper  the 
number  of  revolutions  made  by  the  journal  and  also  the  frictional 
resistance  at  each  moment.  The  paper  upon  which  the  record  is 
drawn  is  placed  upon  a  drum,  Q  (fig.  75),  revolvmg  once  for  every 
100,000  revolutions  of  the  journal.  Against  the  paper  rests  a  pen, 
actuated  by  the  pendulum  as  it  swings  from  the  vertical.  In  the 
miu;hine  used  by  the  authors  a  second  speed  gear  has  been  added 
for  slow  speed  tests,  capable  of  revolving  the  drum  once  for  every 
120  revolutions  of  the  journal,  so  that  the  diagram  paper  is  moved 
a  quarter  inch  for  one  revolution  of  the  journal.  A  counter  is  fixed 
on  the  machine  in  a  convenient  position,  to  indicate  the  number  of 
revolutions  made  by  the  journal. 

The  greater  portion  of  the  load  placed  upon  the  tost  bearings 
results  from  the  compression  of  the  central  spring,  and  is  equally 
distributed  between  the  upper  and  lower  brasses.  In  addition,  how- 
ever, to  the  pressure  resulting  from  the  stress  of  the  spring,  the 
upper  brass  C,  when  the  swing  of  the  pendulum  is  small,  has  to  carry 
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the  weight  of  the  peudiilum  as  well  When  this  is  light,  aud  the 
preaaure  on  the  spring  uouHiderable,  no  serious  error  results  from 
taking  the  loud  on  the  bearings  as  being  distributed  evenly  between 
the  two  brasses.     Although,  by  grasping  the  journal  between  two 


biBSHea,  uid  putting  on  the  load  by  cotnpressmg  a  spring,  some  erron 
arc  introduce<l,  the  arrangement  has  tlie  advantage  of  reducing  the 
pressure  on  the  supports  of  the  journal,  and  all  risk  of  overheating 
the  tixed  bearings  is  avoided. 

1^ 
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Scvenil  mcthodH  of  calculating  the  area  of  contact  of  a  brass  have 
beon  orloptcd.  The  plan  commonly  followed  has  been  to  multiply 
the  length  of  the  brass  (b)  by  the  diameter  of  the  journal  (2ro)  ;  2rQb 
is  then  the  projected  area  of  the  bearing  on  a  diametral  plane,  or,  as 
it  is  eoininonly  called,  the  nominal  area.  But  it  is  impossible,  except 
with  light  loads,  to  make  a  bearing  run  satisfactorily  when  the  brass 
oiiihnices  as  much  as  one-half  of  the  journal.  In  practice,  the  sides 
have  U)  be  [)ut  away  luitil  the  actual  arc  of  contact  is  only  one-fourth 
or  one-fifth  of  the  circumference ;  and  as  at  all  ordinary  speeds,  with 
g(Kxl  lu}>ricntion,  the  friction  is  nearly  proportional  to  the  actual 
contiiet  arcii,  it  is  better  to  substitute  actual  for  nominal  areas  by 
multiplying  the  length  of  the  arc  of  contact  a  by  that  of  the  brass  b. 

ThursUtu  graduates  the  scales  on  his  machine  on  a  nominal  area  basis  ; 
h<iwov(*r,  fronk  the  following  formulie  the  scales  can  be  graduated  to  a^;Tee 
with  actual  areas  of  contact,  and  from  them  the  true  coefficient  of  friction, 
etc.,  can  l)e  obtained. 

Let  r  =  nulius  from  centre  of  journal  to  centre  of  gravity  of  pendulum. 
1-  =  radius  of  journal. 
\V  =  weight  of  jxjndulum. 
a  =  width  (»f  brass  {i.e.  length  of  arc  of  contact). 
/)  =  length  of  brass. 
P  --  total  pre.ssure  of  brasses  on  journal. 

1>  — Tiressure  i)er  sq.  in. 
'  -  load  on  spring. 

0  -  angle  butwcun  pendulum  and  perpendicular  through  axis. 
/*  =  coet!icient  of  friction. 
F==  total  frictional  resistance. 

When  B  is  o<iual  to  [)0%  Wr^Fr^        .        .         .       (1) 

When  it  is  wiuiil  to  any  other  angle,  Wr  sin  0  =  FrQ        .         .       (2) 

,^    Wr  shi  $ 
Therefore,  F= — (3) 

From  equation  (.3)  the  graduations  on  the  arc  W  are  usually  marked 
oir  so  as  to  give  the  tot<il  frictional  resistance  F  for  any  angle,  but  as,  when 
the  s])rinc  is  conii)re8sed,  the  centre  of  gravity  of  the  iJenduluui  moves 
dowuwAniH,  and  the  length  of  r  therefore  increases,  these  graduations  can 
only  be  strictly  correct  for  one  position  of  the  spring. 

When  the  penihduni  is  a  heavy  one,  and  the  comi)ression  on  the  spring  is 
such  tluit  the  load  on  the  brass  is  small,  the  load  on  the  upper  brass  i.^,  at 

all  small  inclinations,  Pi  =  T  +  W (4) 

and  on  the  lower  brass,         P2  =  T (fl) 

When  T  is  large  and  W  is  small,  it  is  sufficiently  accurate  to  make 

P  =  2T  +  W (G) 

and  from  this  the  left  hand  side  of  the  scale  N  is  graduatecl. 

P      ^T  4-  W 

Under  similar  circumstances,  the  pressure  per  w[.  in.  iiip  —  --.—l — ZL_l    ^7) 

From  this  ecpiation,  the  graduations  on  the  right  hand  side  of  the  index 
plate  are  deduced. 

The  readings  given  by  the  index  plate  N  and  the  arc  W  enable  the 
coetlici(>nt  of  friction  to  be  calculated  directly,  for 

_  F__  Reading  given  by  arc  W 
P    Reading  given  by  index  N       *        '        '      ^^ 
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When  experimenting  vrith  small  loads  on  this  machine,  it  must  be  borne  in 
mind  that  the  load  on  the  upper  brass  is  always  greater  than  on  the  lower 
one.    Under  such  circumstances,  the  maximum  load  is  given  by  equation  (4) 


P     T+W 
and  the  pressure  per  sq.  in.  is  p  =  -1  =  ~-^ — 

oo        ao 


(9) 


It  is  impossible  always  to  measure  accurately  the  friction  due  to 
the  upper  and  lower  brasses  respectively.  When  the  lubrication  is 
good,  and  the  speed  of  nibbing  over  3  feet  per  minute,  the  friction 
is  proportional  to  the  area  of  the  brass  in  contact  with  the  journal 
and  independent  of  the  load,  but  when  the  speed  is  small  this  is 
not  the  case,  and  it  is  impossible  to  obtain  accurately  the  coefficient 
of  friction  of  either  the  upper  or  lower  brass. 

As  stated  on  page  334,  the  graduations  on  the  arc  W,  when  marked 
so  as  to  give  the  total  frictioual  resistance  F,  are  subject  to  a  small 
error,  due  to  the  fact  that  the  length  of  r  is  increased  by  compres- 
sing the  spring.  Also,  any  alteration  of  the  weight  of  the  castings 
J  and  I  would  render  these  graduations  useless.  The  authors  there- 
fore prefer  to  graduate  the  arc  in  degrees,  and  the  index  N  in  lbs.  of 
spring  pressure,  and  to  construct  a  table  from  which  the  coefficient 
of  friction  can  be  read  off  corresponding  to  any  angle  of  pressure. 
As  an  example,  the  following  particulars  of  the  machine  used  by  the 
authors  are  given,  but  of  course  they  will  not  apply  to  any  other 
machine,  unless  of  exactly  the  same  dimensions,  weight,  etc. 


Valite  of  W, . 


>» 


i» 


»» 


)i 


'o, 


o6, . 
T 


Table  XCIa. 
.     159-5  lbs. 
.     1*876  inches. 

<At  0  lbs.  pressure  of  spring = 14*64  inches. 
At  X  (1000)  lbs.     „  =  14-64  +x(0-026)  inches, 

f  Upper  brass  =  13*30  sq.  inches. 
•  ( Lower     „     =1313        „ 

At  1000  lbs.  on  index  N,  the  load  due  to  pressure  of 
spring =500  lbs.  on  each  brass.    Therefore, 


Scale  Reading 
(lbs.). 


1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 


Total  PreMure  (P) 

of  Brasses  on 

Journal. 


1159-5 
2159-5 
3159-6 
4169-6 
51696 
6159-5 
7159-5 
8159-5 
9159*5 
10159-6 


Pressure  per  sq.  inch  (p). 


On  Upper  Brass. 


On  Lower  Brass. 


49-6 

381 

87-2 

76-2 

124-8 

114-2 

162-4 

152*3 

2000 

190*4 

237-6 
2752 
312*7 
350*3 
387*9 


228-5 
266*6 
304-6 
342-7 
380-8 
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p^Wr  sin  e^m^^rsmj^^^^  ^  ^^  ^     ^ 

r«  1-875  ^ 


Scale  Seading 
(lbs.). 


1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 


Value  of  F. 


1247-64  Bin  B 

1249*85 

125206 

1254-27 

1256-48 

1258-69 

1260-91 

1263-12 

1265-33 

1267-54 


»> 
I) 


»> 


Value  of  i»=x-s,J?- 


F_ 


1-076  Bin  # 

0-679    „ 

0396 

0-301 

0-243 

0-204 

0176 

0-165 

0-138 

0-125 


n 

99 

n 
>» 


»9 


From  the  above,  Ta}>lo  XCIb.  has  been  constructed. 


Table  XCIb. 


Total  Pressure  on  Scale  K.    (Thousanda  of  Pounds.) 


Deflection  of 
Pendulum 
(degrees). 


3 


Coefficients  of  FricUon. 


01 
0-2 
0-8 
0-4 
0-5 
0-6 
0-7 
0-8 
0-9 

ru 

2-0 
30 
40 
60 

6  0 

7  0 
80 
90 

100 


•0019 
'  0038 
1  -0056 
1  -0075 
,  -0094 

•0113  ! 

•0132  i 
I  0150  i 
,  0169  ' 
i  -0188  I 
'  -0376  I 
I  -0563  : 
!  -1)751 

•0938  I 

•1125  ' 

•1811 
'  *H98 

•1688  , 
I  -1868 


•0010 
0020  1 
•0030  I 
0040  ' 
•0«>60  , 
•0061  , 

•mil  ' 

•(H»81  ' 

•0091 

•0101 

•0202 

•0303 

•0404 

•0605  I 

•0605 

•0705  , 

•0805 

•0906  ' 

•1006 


•0007 
•0014 
•0021 
•0028 

•oa«  , 

•0041 

•0048 

•0055 

•0062 

•0069 

•0138 

•0207 

•0276 

•0345  I 

•0414  , 

•0482 

•0551 

•0619  ' 

•0688  I 


•0005 
•0010 
•0016 
•0021 
0020  ' 
•0031  I 
•0036 
•0042 
•0047 
•0052 
•0105 
•0157 
•0210 
•0262 
•0314 
•0366 
•0419 
•0471 
•0523 


•0004 
•0008 
•<K)13 
•0017 
•0O21 
•0025 
•0029 
•0034 
•0038 
•0042 
•0084 
•0126 
•0169 
•0212 
•0254 
•0296 
•0337 
•0379 
•0421 


•0004 

•0003 

•0003 

•0002 

•0002 

•0007 

•0006 

•0006 

•0006 

0004 

•0011 

•0009 

•0008 

•0007 

•0007  , 

•0014 

•0012 

•0011 

•0010 

-0009  1 

•0018 

•0015 

•0014 

•0012 

•0011 

•0022 

•0019 

•0016 

•0014 

•0013 

•0026 

•0022 

•0019 

•0017 

•0016  , 

•0029 

•0026 

•0022 

•0019 

•0017 

•0032 

•(K)28 

•0024 

•0022 

•0020 

•0036 

•0031 

•0027 

nK)24 

•0022 

•0072 

•OJWl 

•0054 

•0048 

•0044 

•0107 

■0092 

•0081 

•0072 

•0066  1 

•0143 

•0123 

•0108 

•0096 

•01187 

•0178 

•0163 

•0136 

•0120 

•0100 

•0213 

•0184 

•0162 

•0144 

•0181 

•0248 

•0214 

•0189 

•0168 

•0152 

•0284 

•0246 

•0216 

•0192 

•0174 

•0319 

•0276 

•0248 

•0216 

•0196 

•0354 

•0306 

•0269 

•0240 

•0217 

Before  using  a  new  machine,  it  is  desirable  to  test  the  spring  and 
verify  the  graduations  on  the  arc  W  and  the  scale  N,  if  correct  results 
are  desired.  The  pointer  which  indicates  on  the  arc  W  the  deflec- 
tion of  the  pendulum  should  be  a  knife  edge,  and  should  be  attached 
to  the  axle-box  and  not  to  the  brass  tube,  since  the  latter  rotates 
slightly  when  the  nut  P  is  turned.  It  is  also  necessary  that  this 
pointer  should  bo  capable  of  adjustment,  in  order  that  it  may  bo 
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nuide  to  poLut  occiii'atoly  to  zero  when  the  {wnduluui  uouiuh  tu  rcat 
after  swinging  freely,  wliich  free  Bwiiigiiig  of  the  pendulum  is  brouglit 
about  ill  tlio  following  mniiiier.  The  juiirual  is  well  liibriuatod  with 
tlio  oil  to  he  tested,  mid  m  run  for  a  few  seconds  at  the  sjjeerl  of  alioiit  I 
100  revolutions  per  minute,  the  jicudnhim  being  alloweil  to  hung  by 
its  own  weight,  and  all  pressure  on  the  jmirnnl  duo  to  the  Bpring 
being  removed.  An  oil-Sim  between  the  upper  brasa  and  the  journal 
having  been  thus  established,  the  machine  is  stopped  ;  the  ponduhim,  , 
being  now  supported  on  the  oil-film,  will  swing  freely  tor  Beveml 
seconds  before  the  oil  is  squeezed  out,  and,  if  eorrectly  udjnated,  the 
pointer  will  make  approximately  equal  and  gmtluaUy  diminishing 
excursions  on  either  side  of  the  zero  before  coming  to  rest  on  the  zero 
point.  ; 

Method  of  Working. — As  already  stated,  in  the  machine  used  by 
the  authors  the  arc  W  is  graduated  in  degrees,  and  tlie  aealo  S  in 
pounds  of  spring  pressure.  Plain  paper  is  used  on  the  recording 
drum,  and,  before  making  each  teat,  a  base  line  is  drawn  u{)OD  the 
paper  by  rotating  the  drum  against  the  pen  with  the  machine  at 
rest  and  the  pointer  at  zero.  At  the  end  of  the  test,  the  area  enclosed 
between  the  curve  and  this  base  line  ih  measured  by  means  of  a 
plauimeter  if  the  curve  is  irregular,  and  thus  the  average  deflection 
of  the  pendulum  is  easily  determined  and  the  friction  coefficient  read 
off  from  the  table.  The  following  simple  rules  are  followed  in 
making  each  test  :— 

1.  See  that  the  pointer  is  accurately  adjusted  to  aero  on  the  arc 
when  the  pendulum  is  hanging  freely. 

'2,  With  the  machine  at  rest,  and  the  pointer  at  KOru  on  the  are, 
lower  the  pen  on  to  the  paper,  and  draw  a  base  line  by  rotat- 
ing the  drum.     Then  raise  the  pen  ofT  the  paper. 

3.  Screw  up  the  spring,  with  the  hraas  nut,  P,  slack,  until  the 

desired  pressure  is  attained,  then  screw  the  nut  down  until 
the  pressure  is  taken  off  the  jonnial.  Start  the  machine,  and 
adjust  the  lubrioators  ao  as  to  give  the  required  oil-feed.  Then 
slack  the  nut  suthciently  t4>  bring  the  pressure  of  the  spring  on 
to  the  journal,  and  run  the  machine  at  a  fair  speed  imtil  the 
bi'aasos  are  well  oiled  and  are  nearly  at  the  extreme  front 
end  of  the  journal.  Then  atljufct  the  speed  to  that  required 
for  the  test,  and,  as  soon  as  the  brasses  roach  the  extrenie 
front  eiid  of  the  journal,^  drop  the  pen  and  commence  the 
teet, 

4.  .S'fni'ftnf/.^ Before  starting  the  machine,  sue  that  the  pressure 

of  the  spring  is  off  the  journal,  and  that  the  pen  is  niised  nH' 
tlto  paper. 
6.  S/o7>;iiw;/.— Ueforc  stopping  the  tniichino,  miau  the  pen  off  the 

'  I1iv  rrialinu  \a  ■nmelimca  clilTpniiit  nt  tha  front  «ail  back  oiida  of  tha  joumikl, 
Th"refore  it  in  'iMimbl",  •■tjBciiilly  wlien  making  "low  aiKcd  tests,  to  ci  ' 

•IWBp  >t  ths  unie  [loinl. 
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ptipcr.  Before  releasing  the  pressure  of  the  spring,  also  raise 
the  pen  off  the  paper. 
6.  liemovinij  peiultUum  from  jownal, —  Before  removing  the 
|>endiihim  from  or  replacing  it  upon  the  journal,  take  care  to 
release  the  pressure  of  the  spring,  cither  by  screwing  down 
the  nut  P  or  by  unscrewing  the  rod  M. 

Before  testing  a  fresh  sample  of  oil,  the  pendulum  must  be  removed 
fnjni  the  journal,  and  the  brasses  and  journal  must  be  wiped 
thorouglily  clean,  using  first  of  all  a  sponge  cloth  and  afterwardls  a 
soft  duster,  and  ttiking  care  to  leave  no  lint  upon  the  surfaces.  The 
lu})ricat{)rs,  aa^  fig.  77,  arc  cleaned  by  rinsing  with  ether  or  benzine, 
then  warmed,  and  aspirated  with  air  until  every  trace  of  the  solvent 
has  been  expelled.  They  arc  then  filled  with  the  oil  to  bo  tested,  a 
few  drops  of  the  oil  are  also  placed  upon  the  journal  and  brasses  and 
spread  over  the  surfaces  with  the  clean  finger,  and  the  pendulum 
is  replaced  upon  the  journal.  Then  the  machine  is  run  for  a  few 
minutes  with  a  free  oil-feed  to  flush  away  the  remaining  traces  of  the 
oil  last  tested,  and  the  test  of  the  new  oil  is  commenced. 

Great  care  must  be  taken  not  to  allow  the  brasses  and  journal  to 
nui  dry  and  seize  locally.  Should  this  happen  during  any  test,  the 
friction  of  the  surfaces  will  be  so  much  increased  in  succeeding  tests, 
even  with  the  same  oil,  that  the  results  will  not  be  comparable  with 
the  previous  tests.  In  fact,  the  effect  upon  the  frictional  resistance 
of  the  surfaces  cjiused  by  very  small  changes  in  their  shape  or  con- 
dition is  so  jrreat,  especially  at  slow  speeds  and  at  high  pressures, 
and  with  bath  and  pad  lubrication,  that  each  sample  of  oil  tested  in 
the  machine  must  be  compircd  with  results  obtained  by  testing  some 
standard  oil  immediately  before,  and,  preferably,  again  immediately 
after,  the  sample  has  been  tested.  If  the  two  tests  obtained  with 
the  stiindard  oil  do  not  agree,  one  cannot  be  certain  that  differences 
observed  between  the  sample  and  the  standard  may  not  be  due  to 
the  frictional  resistance  of  the  surfaces  having  altered  during  or 
between  the  tests. 

When  commencing  to  use  a  new  machhie  or  new  brasses,  the  proper 
bedding  of  the  brasses  to  the  journal  is  very  important,  and  with  new- 
brasses  is  very  tedious.  As  the  most  rapid  wear  takes  place  at  low 
speeds  and  under  high  pressures,  we  have  found  it  best,  when  bedding 
new  brasses,  to  run  the  machine  under  these  conditions  with  a 
mineral  lubricating  oil  of  moderately  low  viscosity  (e.g,  900/7  oil), 
removing  each  brass  at  intervals  of  about  two  houi*s  and  very  care- 
fully scraping  the  high  places,  finally  rubbing  them  down  with  the 
finest  emery  paper  luitil  the  brass  is  seen  to  be  bearing  all  over. 
Another  important  point  is  to  have  a  very  hanl  surface  on  the  testing 
journal.  If  the  journal  be  made  of  soft  steel,  particles  of  brass  torn 
off  the  bearings  are  apt  to  become  embedded  in  the  steel ;  tlie.se 
gradually  gather  more  brass  as  the  jounial  revolves,  and  eventually 
sufficient  is  collected  to  cause  local  seizing  to  take  place,  and  the 
surface  of  the  brass  becomes  ruined. 
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Tu  secure  low  friutional  reaiBtances,  aud  to  ulttaiu  roHultii  alnioiit 
wLoUy  dependent  upon  the  viacoiiB  properties  of  the  lubricant,  the 
brasses  should  each  cover  about  ono-fourth  of  the  circumference  of  the 
jourudl ;  no  oil-wajs  should  be  cut  in  their  surfaces,  but  the  lubricant 
should  be  supplied  by  means  of  pads  or  other  lulirioators  placed  at  the 
sides  of  the  jonmal.  The  speed  of  rubbing  should  not  be  less  than 
100  feet  per  minute.  When  these  conditious  obtaiu  and  the  load  is 
not  too  great,  it  has  been  demonstrated  that  the  friction  is  praelicalty 
proportional  to  tlie  viscoeity  of  the  oil,  and  is  entirely  independent  of 
the  nature  of  the  contact  surfaces  or  the  oiliness  of  the  lubricant.  It 
is  only  with  fairly  viscous  oils,  light  loads,  aud  good  lubrication,  that 
the  oil  pressnre-filra  forms  property  at  speeds  lower  thau  lOU  feet  per 
minute.  It  will,  of  courae,  be  nnderatood  that  different  oils  will  beat 
dilfereutly,  and  that  the  viscosity  of  the  liealed  oil  lilm  must  ho  taken 
for  comparison  with  the  friutional  effect,  for  the  test  to  bo  a  fair  one. 
On  this  account,  when  trials  are  made  in  ancli  a  umuner  tinil  the 
friction  results  entirely  from  the  viscosity  of  the  liquid,  the  oil  which 
at  ordinary  temperatures  is  most  viscous  does  not  always  give  the 
greatest  friction,  for  the  lubricating  film  is  heated  several  degrees 
above  the  temperature  of  the  surrounding  metals  by  the  work  done, 
and  its  viscosity  is  thereby  reduced.  Mineral  oils  tested  agaiust 
animal  or  vegetable  oils  of  the  same  viscosity  will  thus  sometimes 
give  the  lower  friction,  fur  the  former  lubricants,  when  heated,  lose 
their  viscosity  somewhat  more  rapidly  than  do  the  latter  (see  pp. 
16S,  169).  Tests  of  this  kind  by  no  means  show  which  is  the  best 
lubricant,  and  need  seldom  be  made,  fur  the  actual  viscosity  of  an 
oil  and  the  eff'ect  produced  by  increuaed  temperature  can  bo  more 
satisfactorily  ascertained  with  the  viscometer. 

The  l^itimate  practical  result  obtained  by  mechanical  oil-testing 
machines  is,  as  has  already  boon  pointed  out,  the  determination  of 
the  comparative  oiliness  or  greasiness  of  liquids  aud  soft  solids ;  pro- 
perties upon  which  the  power  of  lubricants  to  prevent  the  abrasion 
and  wear  of  contact  surfaces  largely  depend.  The  method  witich  has 
been  most  generally  adopted  to  determine  such  properties  has  been 
to  imperfectly  lubricate  the  l)eariiigB,  and  thus  allow  the  surfaces  to 
approach  each  other  so  closely  that  the  oil  pressure-film  cannot  form 
properly.  It  is  essential  that  the  bearing  surfaces  should  come  into 
close  juxtaposition,  if  we  are  to  obtain  a  correct  estimate  of  the 
value  of  different  bmsses,  bronzes,  and  white  metJds,  for  these  metaU 
are  only  used  to  enable  the  bearing  to  carry  its  load  without  suffering 
abrasion  when  the  conditions  of  running  are  such  that  the  oil 
pressure-Sim,  maintained  by  the  viscosity  of  the  lubricant,  cannot 
form,  and  the  surfaces  approach  each  other  cl(«ely.  For  tests  of  this 
kind,  the  brasses  should  bo  allowed  to  extend  over  only  about  ono- 
fiftli  or  one-sixth  of  the  circtuuf ere  rice  of  the  journal,  and  the  lubrica- 
tion may  be  supplied  by  means  of  lubricators  or  well-uioistcnod  [uids 
at  the  sides. 

Supposing  two  oils  are  to  be  compared  with  one  another,  tertrng     . 
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Bhuuld  be  commenced  at  a  speed  of  about  nine  inches  to  one  foot 
per  minute,  and  at  the  highcKt  pressure  which  the  oil  and  bearing 
will  safely  carry  without  seizing.  It  will  be  found,  as  a  rule,  that 
this  pressure  will  be  greater  the  higher  the  viscosity  of  the  oil. 
Repeated  tests  should  be  made  with  the  same  oil,  at  the  same 
pressure  and  speed,  until  successive  curves,  each  corresponding  to 
one  complete  to-and-fro  movement  of  the  brasses  along  the  journal, 
become  practically  uniform.  Three  curves  should  then  be  measured 
with  the  planimeter  and  the  average  friction  calculated.  Curves 
obtained  at  this  slow  speed  and  at  high  pressures  will  probably  be 
very  irregular  in  shape,  owing  to  variations  in  the  frictional  resist- 
ance, due  to  slight  irregularities  of  the  surface;  but^  if  a  smooth 
curve  he  obtained  it  will  not,  of  course,  be  necessary  to  use  the  plani- 
meter, and  the  average  deflection  of  the  pendulum  can  be  read  off 
directly  from  the  scale  on  the  arc.  If  the  friction  show  a  tendency 
to  diminish  continuously,  the  brasses  are  probably  not  properly 
bedded  to  the  journal,  and  the  process  of  wearing  them  down  must 
be  continued. 

Having  obtained  satisfactory  curves  from  one  oil,  the  journal, 
bearings  and  lubricators  should  be  cleaned,  and  the  other  oil  tested 
in  a  similar  manner.  Further  tests  should  then  be  made  with  both 
oils,  first  at  from  5  to  7  feet  per  minute,  and  then  at  100  feet 
per  minute.  It  will  be  found  that,  as  the  speed  is  increased,  greater 
loads  can  be  put  upon  the  bearings.  At  these  higher  speeds,  also, 
the  friction  will  be  less  variable,  the  curves  traced  on  the  diagram 
will  be  more  regular  in  form,  and  an  average  deflection  of  the 
pendulum  can  usually  be  read  off  directly  on  the  arc. 

In  the  slow-speed  tests,  the  temperature  of  the  bearings  and 
journal  will  scarcely  be  affected  by  the  friction  during  the  test,  but 
in  the  tests  made  at  a  speed  of  100  feet  per  minute,  the  rise  of 
tompei*ature  of  the  brasses  will  be  comparatively  rapid  and  may 
be  made  the  basis  of  a  test.  For  this  purpose,  the  machine  should 
be  allowed  to  run  imtil  a  definite  temperature  of,  say,  80*  F.  is 
reached.  The  pen  should  then  be  dropped  on  the  paper,  the  time 
noted,  the  counter  index  read  off",  and  the  average  deflection  of  the 
pendulum  observed  and  recorded.  When  the  thermometer  indicates 
85°  F.,  the  time  and  the  average  deflection  of  the  pendulum  should 
again  ])e  recorded.  These  observations  should  be  repeated  at  intervals 
corresponding  to  every  i!i\e  degrees  rise  in  temperature,  until  either 
the  temperature  has  risen  to,  say,  140**  F.,  or  the  journal  has  per- 
formed 30,000  revolutions.  Some  tests  made  in  this  way  are  reconled 
in  Table  XCIc. 

The  results  recorded  in  Table  XCId.  were  obtained  by  testing 
different  oils  at  a  nearly  uniform  speed  of  7*2  feet  per  minute,  and 
under  a  constant  average  load  of  271  lbs.  per  square  inch  of  bearing 
surface  (measured  along  the  arc  of  contact).  The  tests  were  made 
consecutively,  in  the  order  stated. 
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Table  XCIc. 


TesU  made  at  a  Speed  of  d8  feet  per  minute. 


Description  of  Oil.         Olive. 


SjKJcific  gravity    at     0*916 

60**  F., 
Viscosity  at  60"  F., 


Number  of  revolu- 
tions, 

Temperature      rose 
from  80''  F.  to, 

Coefficient  of)  from 
friction  fell  > 
during  test )  to 


0-98 

30,000 

lOS-S" 

•0051 

•0031 


Lard. 


0*917 


0*98 


Aape. 


0-914 


116 


30,000    30,000 
lOS-O**     108-5*' 


•0044 
•0030 


•0055 


•0035 


American  Mineral  Oils. 
Russian 

Solar       Special  ^nn™* 
*•  900/7."       Red  Red  "" 

Engine.    Engine. 


0-906 
1-14 
30,000 
106 -S* 
•0046 
-0031 


0-917 
2-06 
30,000 
115-2'* 
•0074 
•0037 


0-936  I   0-907 
3-0       \  3-48 
29,496  I  32,000 
113-8"     117-2° 


•0078 


-0085 


•0037  ,    -0037 


Table  XCId. 


Spked,  7-2  feet  per  minute. 

AvKKAGE  Load,  271  lbs.  per  square  inch  of  bearing  surface. 

Test 
No. 

107 

on  Used.               • 

Viscosity 
at  60°  F. 

3*0 

Average 
Coefficient 
of  Friction. 

Temperature 
of  Bearings. 

American  mineral  oil  (0-936),      . 

•0035 

63'' F. 

108 

Russian  mineral  oil  (0*907), 

3-48 

•0035 

65'' F. 

109 

Russian  mineral  oil,  75%,    . 
Rai^e  oil,  25%,     . 

' 

•0023 

65"  F. 

iio| 

Russian  mineral  oil,  25%,    .         .  \ 
Rape  oil,  75%,     .         .         .        .J 

•  •  • 

•0037 

65"  F. 

111 

Rape  oil  (0-914), 

1-16 

•0042 

66*5"  F. 

112/ 

American  mineral  oil,  75%          .  \ 
Rape  oil,  25%      .        .        .        .  ( 

> 

•0034 

62"  F. 

113| 

American  mineral  oil,  25%  .         .] 
Rape  oil,  75%      .        .         .        .J 

•  •  • 

•0033 

65"  F. 

114} 

RuHKian  mineral  oil,  75%     .        .  ] 
Rape  oil,  25%      .        .        .        .J 

■  •  • 

•0025 

66-5"  F. 

The  mixtures  used  in  five  of  the  tests  were  made  with  the  same 
samples  of  mineral  and  rape  oils  as  were  used  for  the  remaining 
three  tests.  It  will  be  observed  that,  at  the  comparatively  slow 
speed  used,  both  the  mineral  oils  gave  lower  coefficients  of  friction 
than   the   rape  oil,  owing  to  their  much  higher  viscosity,  but  the 
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mixtureu  gave  lower  cocfiicicntB  than  either  of  the  pure  oils.  It  is 
also  remarkablo  that  the  mixture  of  Russian  oil  with  25  per  cent  of 
nipc  oil  gave  a  iiuich  lower  friction  than  the  mixture  with  75  per 
cent,  of  raiK)  oil,  and  the  same  result  was  obtained  on  repeating  the 
test;  see  No.  114.  The  almost  identical  results  obtained  in  tests 
Nos.  109  and  114  prove  the  comparative  accuracy  of  the  series. 

The  results  recorded  in  Table  XCIb.  show,  in  an  interesting 
manner,  how  the  friction  changes  with  the  load  at  low  speeds,  how 
much  more  nipidly  it  changes  at  a  speed  of  less  than  one  foot  per 
minute  than  at  nine  times  that  speed,  how  greatly  an  increase  of 
si>ced  may  affect  the  friction  when  the  load  is  constant,  and  also 
what  an  iniportant  influence  the  viscosity  of  the  oil  has  upon  this  as 
well  ivs,  generally,  in  reducing  the  friction  at  low  sf>eeds.  The 
marked  differences  in  friction-reducing  power  at  these  low  speeds 
Iwtween  the  throe  fixed  oils,  and  between  rape  oil  and  a  mineral 
lubricating  oil  of  very  nearly  the  same  viscosity,  will  also  be 
noteil. 

Table  XCIk. 


Olive  ;    Lard 

Oil.      on. 


Siiecific Gravity at60"F.,i  O^Qie 
Viscosity  at  60"  F.,         ;  0*98 


RaiM) 
Oil. 


American  Mineral 
Lubricating  Oils. 


RuMan 

Mineral 

Lubricating 

Oil. 


0-914 
116 


0-906 
1-14 


0-917 
2  06 


0-936 
3-0 


0*907      I 
3*5 


iS|>eeil. 

Feet IKT 
Minuti'. 


0-8 


II 


7-0 
ti 
II 
I* 
II 


Load. 

Llis.  per  s<iuare 

inch  of  Bearing 

Surface. 


1-20 
139 


139 

ir»7 

176 
195 
214 


CocJiciciUs  of  Friction. 

•0055 

-0041 

•0029  1  0027 

i 
•0021 

-0015 

•0011 

•0150  ; 
•0015 

•0128 
-0012 

•0043 

•0214 

0042  , 
•0027 

•0012 
•0036 

•0012 

1 
•0012  ;  -0018 

•0033 

•0018 

-0016 

-0016  ;  -0021 

0026 

•0039 

•0031 

•0023 

•0020 

•0018  -0033 

-0035  ' 

•0042 

•0033 

•0040 

•0034 

-0019  -0035 

•0042 

-0042 

•0034 

•0046  . 

•0043 

•0032 

-0058 

•0055  ■ 

-0057 

•0058 

Useful  comparisons  of  oils  can  thus  -be  made  with  Thurston  s 
machine,  but  we  are  l)ound  to  admit,  as  the  result  of  much  experi- 
ence, that  when  facilities  exist  for  making  complete  examinations  of 
oil  by  viscosity  and  other  laboratory  tests  the  results  obtained  by 
the  machine  can  frequently  l>e  predicted,  and  are,  therefore,  of 
limited  value.     The  fact  is,  that  the  machine  tests  which  are  most 
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valiiuble  tu'o  thomi  umdc  under  conditioiiB  wliiub  arc  very  Ilublo  to  1 
Janutge  the  friction  surfaces,  Aiid  which,  therefore,  inaka  auciimts  ( 
uoni|)ariiMiuii  Iwtwcen  dittereut  oile  extremely  difficult  to  obtain. 
For  iiiittutice,  it  would  be  luseful  to  know,  in  comparing  oila  oue  with 
anothor,  which  oil  will  carry  the  greatest  loaci  without  Hoi/.irig  ;  hut 
if,  in  making  such  teata,  the  bearing  surfaces  should  accidentally 
seise,  uveu  momentarily,  damage  may  be  done  Ui  tlicui  which  wouhl 
take  a  loug  time  to  repair,  and  which  wonhl  necessitate  the  repeti- 
tion of  the  teats  wliich  hod  been  made  previously  to  tlic  damage, 

ThurNtou  states  tlint  his  machine  may  bo  used  for  the  piii-poBe  of    ' 
asccrtauiing  the  giimtuing  properties  of  lubricants,  and  alao    their 
durability.     No  doubt  with  care  aome  idea  on  these  points  may  he    | 
obtained  by  the  use  of  mochaoical  testeni,  but  nuch  tests  are  usually 
liettur  mode  hy  physical  and  chemical  methods. 

Many  lubricants  when  exposed  to  the  air  take  up  oxygen  and 
bei'ome  thick,  i.e.  they  gum.  This  ciiiinge  in  the  viscosity  may  be 
scarcely  apjirociahlo  when  the  lif]iiid  is  kept  in  bulk,  but  wlion  it  is 
8pi¥«d  over  a  bearing  as  a  thin  film  and  exposed  to  the  air,  it  may 
rapidly  i>eeome  a  sticky  mass  and  cease  to  lubricate.  Although  the 
extent  Ui  which  this  change  takes  place  can  be  more  satisfactorily 
measured  hy  luethods  which  liave  already  been  fully  described  (p.  2(i5 
at  tei/.),  useful  information  may  sometimes  be  gaiucd  by  meiisuriug 
the  effect  produced  upon  the  friction  coeHicient.  The  bearings  should 
be  luhrjeatcd  witli  jiat  sufficient  oil  to  wet  theui  well  and  yet  not  run 
off.  The  journal  is  then  run  at  a  speed  of  aliout  100  feet  per  minute 
with  a  very  light  load,  and  the  friction  and  temperature  noted  when 
they  have  couscd  to  vary  appreciably,  lloth  brasses  are  then  removed, 
and  the  contact  surfaces,  protected  from  dust  and  dirt,  are  allowed  lo 
remain  exposed  to  the  air  for  a  day  or  two.  The  braasos  ore  then 
replaced  in  the  luacbine  and  a  test  made  as  before.  If  the  oil  has 
thickened,  the  friction  and  licaliiig  will  be  greater  than  before. 
Tests  of  this  kind  arc,  however,  very  likely  lo  injure  the  friction 
Hurfaccs,  and  it  is,  therefore,  very  questionable  whctlier  it  is  worth 
while  to  moke  tbom. 

Many  lubricAnts  which  arc  liable  to  gum  may  also  become  acid 
ni]d  attack  the  beaiini^  surfaces.  Metallic  soaps  are  thus  formed, 
which,  dissolving  iu  the  lubricant,  cause  it  to  thicken.  Mineral  oils, 
which  do  not  gum  by  oxidation,  may  eontaiu  light  coustituenti^  which 
evaporate  and  leave  thicker  residuea  iwhind.  Fur  these  and  other 
reasons,  an  increaae  in  the  friction  and  temperature  of  a  bearing  after 
stjuiding  for  a  time  docs  not  prove  that  the  oil  has  really  gitmmcd  by 
oxidation. 

l''or  tests  of  durability,  the  lubricant  may  either  )>e  supplied  con- 
tinuously in  Hueh  small  quantities  that  it  shall  not  run  otf  the  bearing, 
but  shall  yet  wet  it  wt'II,  or  pads  soaked  with  a  dctiuite  quantity  of 
oil  may  1h?  lightly  pn'uscd  against  the  sides  of  the  journal, 
machine  is  then  ulliiweil  to  run  uiitil  the  friction  and  tumix-rature 
luigin  lo  ri.sc  nnihily.     I'nr  siinic  time  after  stwrUwv,  VVu  w^" 
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r-.u-.:^.i>  .:.  iT* •'!  :Mi:ji:UiCi.  ".be  temperature  becomes  steady,  and  the 
—..M.I.  r:j».:i:>  k  i^::.i:^u:u  A*  soon,  however,  us  the  hibricant 
::.'.i ::.?v  c  >.vvc-if>  :iuiri:^i  with  materud  woni  off  the  beariugs,  or 
«*  ::  >*r.;.i>  r-.-^ ..!:.■. ^  :>  c*:.  it*  ackiitv,  the  friction  and  temperature 
:»:vr..  :  :>:  T:r.  ;i.\nK-uifcr  viil  the  smallest  quantity  of  which  will 
k:- .  :  ■  >..vr.:^  ::.  j"**!  Aoditkm.  i*  consider^  the  best  to  use  for 
: - " :  :  I-  .-*:»..:?. :  •  ui .i  .s: j  i  >T^>t^i  irf  nibl wig. 

*»*  :•. .  :^r.  ..o.rk:.:,-  dkiv  p:od  and  an?  little  affected  by  the  atmo- 
>.!:•:"*.  ..:::.  -..-iicJ^lj:  >jr:Vvs  uixm  which  they  rest,  they  continue  to 
&  \  .  ::..;  >.-Ar.:^>  .v*.^  n-uoh  Kmi^T  than  when  they  are  acid,  oxidiz- 
jw..-.,    iT  - .  -.01^.  1^.:  3fci>i  Vi^Liiile  constituents. 

</.  K>.  ^  y-  .-  \  Tr^ff.^  ■  .V*r.MV- — This  miichine  {fig,  78),  de- 
n;;:-...;*;!  :  ^  }V  .*  K.'::.  H.  Sn-iih,  is  used  in  the  engineering  laboratoncs 
:•■  ::.:  .  .  ^jrs  :^  ..f  R:r.i.::iA*m.  Itscnuewhat  resembles  a  Thurstou 
;,..'.,■:  •..  ::.-.  :*:■.:  /..■.::.  ;■*:  which  i>  suspended  in  a  horizontal  position 
•r. ...  >  :•  ^ .  :>  >.  -.:rv  . :  ^rr5»v::y,  thus  removing  from  the  journal  all  the 
y.r.>«>.:r\  Lu  :.■  ::.:  mi. .;::;:  ^^:  the  pendulum  and  its  contained  parts. 

V:.-;  :^>:-*.^  ■..r.-.vl.  K  ifhioh  can  W  made  of  anv  desired  diameter, 
>  >. •\*.v:  .:.:.  ::-.  c:>i  v^ftho  shaft  A,  driven  by  the  coned  pulleys, 
r  V  V  T:.:  ••".Ar.i.iTs  C  l\  Are  pressed  upon  the  journal  by  means 
.*  A  ;».*;r./.  >:  r::i^.  cijcjitsed  in  the  barrel  D,  the  spring  beinjr 
.-* ...  •  r;-sNivi  ..:  .;  :\^i.vs<>i  Vy  means  of  the  screw  E,  the  worm-wheel  F, 
a:-.'.  ::.;  «;t;-.:  .s:^.:  hsi^i  i^hvvl  i^?ariug  V.  The  weight  of  the  barrel, 
>yr.„4:.  "iccir.r..^  1:0.,  :>  suiwned  by  means  of  the  suspension  rcxi  G, 
'•.'k,r  H.  a::-.:  ^ti^h:  W.  :hi  |xts:tiou  of  the  latter  being  adjusted  so 
:is  :c  "kvv:  ::.•:  liVtr  d  ait  hi;:  K^tweeu  the  stops  1 1. 

Th^-  ;.  .:r-/.Al  tr.o::.-::  A:yi  torque  is  balanced  by  the  two  equal  and 
•i  ;vt>'.:i  •'.  r.^"<  i\i  r:ei  i\v  the  two  ends  of  a  fine  whipHX>rd  or  fishing 
liv.t  :v4?c<\:  :^^■^  ::.o  three  small  pulleys  K  K  K,  the  two  ends  of 
:ho  v\  r.l  ">  .::^  a::a.  :u\i  at  t>|ual  distances  on  either  side  of  the  centre 
o:  :ho  ;  .irt.sl  R  This  vx'^rd  is  tigiitened  up  by  the  nut  X,  through 
;ho  >vr".-,:  u>'.i::^\  M.  until  the  lover  H  fioats  f reel  v.  The  tension 
v-r.  ::.t  v\r.:.  T\\::s:<rv^i  bv  M,  measures  the  frictional  moment 
T;.ir.i:-::u:^is.  T  T,  rv^isUT  iho  tomjwrature  of  the  bearings. 

Trv^:.  S:::::h  i::vnus  i;s  that  this  machine  measures  the  friction 
w::hc\;r.:iu  ^icli.-wy  and  :uvun\oy,  and  the  lever  H  keeps  floating 
s^»  lon^  .as  t!U'  vAMiviitions  tpre:<!sun»,  temperature,  and  lubrication) 
remain  ;;:iohanct\l.  The  >maUest  variation  in  anv  one  condition 
thn.»ws  I  he  K'vor  on  to  i»no  of  itc>  stops.  The  machine  gives  higher 
v\»i»tlioioiits  v»f  triotion  than  other  methods  of  test  have  done,  due  to 
the  u»rni  and  amiiiiromcnt  of  the  brasses. 

Let  T  =  lojid  on  spring  Kilance  in  p^mnds. 

*•  =  distance  Ivtwivn  jx?rpendiculars  through  centre  of 

journal  and  jH>int  of  attachment  of  cord. 
P  =  ti»tal  pressure  of  bnu$ses  on  journal. 
i\,  =  nidins  of  journal. 
/ -r  o*H.*thcient  of  f  riot  ion. 

Then  /=1L     .  (10) 
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GO 


_kt~i>. 


X     «.;*U    "LZTS 


•".  i —    -T-iim^    kTmniT^iiiejic  5:r  **"j7'^^"-~'*  -n^ 

-  ~-  —      -  --  -^-rr- 1    if  ^3.e  'siiiir':  i»  k^rc  ■  v<j?Caat 

--   *       - '.r*--     i!T-'Ti-3r     "winrTnir?   at?*   iiei  in  tiie 

—  -    '-^^  ~*'P     'T   "Hie   ^1  iima-1  inii  iht  'I'th-r 

~  —    "^^^*^    "■    .-^ii:z7r     .n   -jiTihifr  ^iir.     The 

.-     ..'.n-Titrr    :    .  ■•■    iKTi     inti  a  jictr^ii  -..f  7'.'  njai. 

■---  --    -'     iim.    imi    ir^   wrrseei  -.l.  to 

-  "■'•-r  '^ — •'-r'-    ''r\TLiz    iL«ii..-urei   -tj  rii-ra.r.-  ---f 

".r^-:-^    US'?-      TTie     lI    :::iz.   ^if    .folei  '.t 


.--.-■       *:--h^r.:i.:  M'i^-'t\.te. — "Hiis  :c*-er  is  niniished 
>f     .  '--.-.     :•■   :  •  --  in:    r..=  ■>y>T  liie  jirirriiil.      Each  brass 

.  r- '-.z^  :r:T:.^-.  iz«:  .s  lelii  ■kjrin-:sr  the  ji.umal 

■     «■      ..:  -       '"  ^  T;r.   i"    i  -j^ti-r-i   :c  rV.-m   !-"»*.<•  t».»  -'>>) 

:-    ■;:.■.■.■        >:-^»'.»in:    il  .1.1— .n^:  "-•£«ti  rrit  on  to  prevent 

-■  ..    -  :.._^  L7^    T  >  T-.J1  izr^  :b.-r  teiiit^ritiiiv  reaches 

:  '      •     „-  -  ;  -  I'.-rn.'  c^tifr      rL-r  n^Lvhine  is  then  sioppeil 

.     ..:-•:•■  -*:■  :!:--■  ii-f  vji»:-  :L^  •-•rcinienceiiient  of  the 

■.-■.-'  T    -   :.  ■  :•:    ■   ::::=!:       '.'.  ^'~  "•:  "^"t:!  that  the  0i»iiJitinns 

...:•'  \  :    "'.'..::    s  :-->C:'L  i^^f  ^".jz.   .vs  to  nverelv  give  the 

;•>--..-    ^   ~  .1.   -*  --s-  r?.:-       T^-z  =^:i»:Li::e  i*  shown  in  fisr.  f^l. 

_..-■■-  -■  -.-         .■/■■■''  •»'-. — TiL^  ni^iobine  is  a  moditied  fomi 

1  -         ;_■  ■    .  :_:■•.  i^:-   :.-  Iz-?:^-..  ':■::  "u^  a  ii^erent  arnuij^Dient  of 

.    .  -^      :     1 7 •    .  ^  - :  .7    .  r;ss-  .rf     ci  : : -t  ;• :  imiiL  i>  ritted  w it h  a  dial 

Lrr-..^:--   -     -      \    :_.   -?••-■.  -^aI  r4S--:A-:e.  a  -.x-unter  to  record  the 

-:-    ;    -  ■     *    .,.    ,      -  :;i-:  ;    .r^iC  iii-i  a  :herjj.ot2ieter  to  measure  the 

T.-?*.     r  : ; ._-  .iT- :  i?--.*  Ti-  .:".:'.r.^  -'rrr..  :hr  h-i-at  11  tr:- rated. 

!'_..  :_-'  •.;  -i  -  ri:.-::  .^r-^'^  iLi:..'rtr;r  c» >ii:pare«i  with  its  length, 
i.-'L  i^v.  -:  : :  \  *:  -is-^-^.  :i-i:-  vv^r!::^  r.oarly  halt  the  eiroumference, 
ir-r  '.-.-'.s-*:.-  -  V  i.  ^v^...-..  :  '.•rv.:rs  ar»  i  weijht.s.  It  is  manipulated  in 
ri.  I .-. ::.'.  -si:..-:  Tk-.iV  v-  ::.v  l:-.::haiu  an- 1  St.ipfer  machine,  and  furnishes 
<::ii:!  tr  ::.•  ■m.Av....!;.  Trt:>  tor  •>ilinov*  cui  taily  be  pn^perly  made  by 
r-i'^.-wz  ii'^-.iv  :'[.►:  bn.\sst-!s  incrtasin-.:  the  l«»ads,  and  running  at  slow 
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Str&udley'e  Oil-Tenting  MucJiine. — This  tnacliine  was  buiit  so  as  to 
make  the  conditions  of  ninuiDg  closely  resemble  thoso  oF  a  carriage 
or  locomotive  axle.  It  has  only  one  bearing,  which  rests  upon  the 
revolving  axle  A,  fig.  83.  The  bearing  carries  the  beam  C,  which  has 
knife  edges  at  the  ends,  npon  which  rest  the  suspending  liuka  and 
weights  for  applying  the  load.     U  is  a  small  beam  and  pan. 

When  the  journal  is  in  motion  the  link  D  ig  depressed,  but  by 
placing  weights  in  the  pan  of  the  small  balancing  lever  it  is  raised 
until  the  pointer  P  indicates  that  the  beam  is  in  its  nonnal  position. 
The  weights  in  the  pan  are  then  a  measure  of  the  frictional  resist- 
ance. H  is  a  small  eccentric  and  wheel  driven  by  a  worm  on  the 
main  shaft.  It  keeps  the  brass  continually  moving  to  and  fro,  side 
play  being   necessary  to   cause   the   surfaces   to  remain    free   from 


soves.  M  is  an  oil-pod,  which  keeps  the  journal  constantly 
bricated,  N  is  a  siphon  lubricator,  li  is  a  revolution  counter,  and 
a  thermometer  to  show  the  temperature  of  the  journal. 
""  'i  machine,  Goodman  saya,  when  accurately  adjusted,  runs 
'  more  steadily  than  Tower's  machine,  conseijnently  there  is 
lability  to  error  in  taking  readings.  The  luliricating  arrange- 
.sily  accessible,  and  the  bottom  of  the  shaft  is  quite  open, 
[i  again  the  load  is  conveniently  situated,  being  quite  free  from  the 
very  important  point,  considering  that  the  weights  often 
|bunt  to  as  much  as  2  cwts.  each.  But  the  disadvant^e  in  the 
tiine  is  that  the  most  acmpidous  accuracy  is  required  in  making 
weights  exactly  equal,  whilst  the  beam  and  links  must  also  he 
ctly  balanced.     The  balonciug  of  the  weights  and  beam  is  effected 


follow 

After  the  beam  has  been  niachined   very  a 


ralely,  so  that  the 
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jaws  into  whicli  the  brftattcs  fit  are  central  with  the  knife  edges  on 
whicli  the  weights  hang,  a  temporaiy  knife  edge  is  fitted  in  the 
centre  of  the  jaws,  and  the  )team  itself  balanced  upon  it.  The  links 
to  carry  the  wci)^hta  having  been  hung  on  and  balanced,  the  knife 
edge  is  removed,  and  the  brass  having  been  fitted  in  is  placed  on 
a  Hhort  mandril  wliich  it  exactly  fits.  The  whole  is  now  placed  on  a 
smooth  level  plane,  and  the  bcani  again  balanced  by  adjusting  the 


Fio.  82. 


brass  in  the  jaws  until  the  centre  of  the  mandril  is  central  with  the 
knife  edges;  by  this  moans,  a  practically  friotiontees  vibrating 
balance  is  obtained.  The  weights  themselves  are  placed  on  the  links, 
and  each  pair  balanced  and  marked. 

After  the  machine  has  been  running  for  some  time  its  balance 
is  dbturbed,  unless  the  direction  of  motion  has  been  periodicallr 
reversed.  This  results  from  the  wear  being  chiefly  confined  to  the 
'off'  side  of  the  brass,  a  point  to  which  attention  baa  already  been 
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called.  The  inequality  of  wear  is  occasionally  very  rapid  under 
heavy  loads,  a  few  days^  hard  running  causing  the  brass  to  wear  0*01 
inch  out  of  centre.  Suppose  the  load  to  be  1  ton,  or  2240  lbs.,  which, 
with  an   equivalent   length  of  arm  of  72  inches,  gives  an  error  of 

2:2lJi??i=o-3ii  lb (11) 

in  the  scale  pan  ;  this,  with  a  7-inch  shaft,  becomes  an  error  of  0*0028 
in  the  coefhcient  of  friction,  or  an  error  in  some  instances  of  as  much 
as  100  per  cent.  Thus,  a  very  small  error  in  construction,  or  any 
displacement  due  to  uneven  wear,  has  a  serious  effect  upon  the 
readings,  a  possibility  which  should  never  be  lost  sight  of. 

The  coefficient  of  friction  is  calculated  &8  follows : — 

Let  i\=radia8of  joomaL 

r= weight  on  brassw 
F  =  totad  frictional  resistance. 
r= length  of  main  beam. 

V=leve«ge  of  scale  beam. 
W= weight  in  scale  pan. 
Then  ^=Fro(l2)     .•.F=^ (13) 

Beauchamp  Totoei^s  Experimental  Testing  Machine, — With  this 
machine,  a  series  of  experiments  was  made  on  the  friction  of  journals 
by  a  Committee  of  the  Institution  of  Mechanical  Engineers.^  By 
using  pad  and  bath  lubrication,  and  running  the  journals  at  modeiv 
ately-quick  speeds,  results  were  obtained  which  were  closely  in 
agreement  with  each  other,  and  which  demonstrated  that  imder 
some  conditions  of  running  the  friction  of  a  journal  is  extremely 
small,  and  is  independent  of  the  nature  of  the  contact  surfaces.  A 
theoretical  examination  by  Osborne  Reynolds  *  of  the  results  obtained 
showed  that  the  friction  was  wholly  due  to  the  viscous  properties 
of  the  lubricant,  and  independent  of  the  nature  of  the  surfaces  and 
of  the  oiliness  or  greasiness  of  the  lubricant. 

As  the  viscosity  of  a  lubricant  can  be  more  satisfactorily  determined 
by  the  use  of  a  properly-constructed  viscometer,  and  the  conditions 
obtaining  at  high  speeds  do  not  give  any  information  concerning  the 
oiliness  of  the  liquid  used,  nothing  in  the  nature  of  a  test  of  the 
quality  of  oiliness  can  be  made  with  Tower's  machine,  unless  the 
conditions  of  speed  and  load  be  such  that  the  oil  pressure-film  does 
not  form.  However,  as  the  results  obtained  with  this  machine 
enabled  the  true  theory  of  *  perfect '  lubrication  to  be  worked  out,  a 
description  of  it  will  not  be  out  of  place. 

1  Proc.  Inst,  Mech,  Eng,,  1883,  p.  632. 
«  Phil.  Trans.,  1886,  p.  165. 


.\^ 
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I>y2  the  rouiini:  jouni»l  A,  fig,  83,  reels  a  brass  bearing  B,  hel 
i=  a  'FMne  t'.  A  tnife  edge,  secured  to  this  frame  exactly  heneati 
11*  .x-v.trv^  supjvrts  the  weiirhta  W  by  means  of  which  the  load  i 
apjvwi  Tbo  luniini;  moment,  resulting  froiu  the  friction  of  th 
>v.;rTi4:  «>i  V>rue.  is  haUnced  by  meuia  of  weights  placed  in  tii 
sttJe  pii:i  slaci:  iTwni  the  light  iron  frame  D.  A  pointer,  E,  «» 
jrrfc-iiiiWsi  Si-ale.  iiidii-»te  when  the  frame  is  in  its  normal  poaitioo 


Fio.  8S. 


The  KMtom  i>f  the  jounud  is  kept  well  lubricated  by  the  oil-bath  H 
into  *h:ch  ii  dips. 

When  w^'rkiiii:  with  a  weight  tr  ia  the  Male  pan,  the  coefficient  of  friction 
if  ol>uin«>.l  a*  lollcm : — 


Fr.= 


(IB) 


•*"  "'-p-R;-     ■     •     ■     ■  *" 

WTwn  worVinj:  with  a  pointer  E  and  no  scale  pan,  and  niciuiuring  th 
an^e  t.  ilie  oeiiirv  i>f  gravitr  of  the  weieht  being  disjitaced  a  distance  H  oi 
eituer  aJo  oi  tht-  ■.■eutte  of  the  journal,  W  =  P, 

Fr,=WH      .•.F=—  .    (n 


F    r» 


(18) 


OttoJman'f  Frietion-Ttflufj  Mtu-kiae. — The  earlier  form  of  thia 
machine  (li^  ^4  and  So)  is  a  luodification  of  that  used  by  Tower, 
the  ivnvcUK'ss  of  whose  experimental  work  has  been  amply  oonflrmed 
by  it«  iiso.  A  miinlior  of  the  eiperiniental  resulta  obtained  with  it 
have  alrviuly  lioeii  friTen,     It  b  thus  described  by  Goodman : — 

A  lis  thi'  j»uni:il  on  which  the  frictioiial  resistance  of  the  brasa  B  is 
measured.  The  latttT  is  tightly  fitted  into  the  cast-iron  stirrup  C, 
from  whii-h  the  weights  are  suspended  by  the  link  D,  which  rests  on 
the  kuife  edge  I-:.  The  oil-bath,  F,  is  filled  with  oil,  into  which  the 
bottom  of  the  juiinuil  dips.  A  Inbricator,  U,  is  provided  for  siphon 
experiments.  The  temperature  of  the  jounml  can  be  kept  hirly 
I'oiistaut  by  using  the   circulating   water-pipe    H,  the   waste   from 
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which  is  carried  awny  by  the  pipe  J.  The  shaft  is  driven  by  the 
lathe  chuck  K,  the  revolutions  of  which  are  registered  hy  the  couuter 
L.  The  teai]>eratiire  of  the  brass  is  registered  by  the  thermometer 
M.  The  arm  0  carries  the  scale  pan  Q,  which  is  suspended  from 
the  knife  edge  S,  the  whole  of  which  is  counterbalanced  by  the 
weight  N.  The  pointer  P,  the  long  arm  of  which  is  balanced  by  the 
small  weight  R,  indicates  when  the  arm  0  is  horizontal. 


All  improved  rorm  of  this  machine,  described  by  Goodman  in  Eng. 
Patent  No.  22295  of  1895,  is  illustrated  in  longitudinal  section 
in  fig.  86.  The  weight  is  suspended  from  the  stirrup  by  means  of 
a  parallel  motion  device,  which  permits  the  stirrtip  and  the  bearing 
fixed  in  it  to  tilt  or  rotate  through  a  small  angle  without  altering  the 
central  direction  or  p\ill  of  the  load.  The  weight  is  applied  by 
means  of  levers,  and  the  friction  is  measured  by  means  of  a  floating 
steelyard  attached  to  the  stirrup. 

Referring  to  the  figure,  A  is  the  test-bearing  and  B  the  axle  upon 
which  it  rests.  C  is  the  stirrup  and  D  the  fioating  steelyard.  £ 
and  F  are  a  pair  of  connecting  links  of  equal  length,  anspendud  from 
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the  Btirrup  C  by  means  of  the  knife  edges  G  and  H  respectiTelj, 
which  are  titted  in  the  sides  of  the  stirrup  C.  The  lower  ends  of 
the  links  K  and  F  carry  suspended  from  them  by  means  of  knife- 
edges  I  and  .),  the  cross-bar  K.  Midway  between  the  knife  edges  I 
and  J,  tho  cross-bar  K  is  provided  with  a  knife  edge  fulcrum  L,  from 
which  is  suspended  the  central  connecting  link  M.  The  lower  end 
of  the  link  M  is  connected  by  a  knife  edge  N  with  the  lever  O  of  a 
coniiK)ini(l  or  other  lever  arrangement. 

It  will  be  evident  that  owing  to  the  parallel  motion  device  formed 


Fio.  85. 


by  the  stirrup  C,  crosshcad  or  cross-bar  K,  and  links  E  and  F,  the 
pull  of  tlio  link  iM  is  transmitted  through  the  centre  of  the  axle  B 
parallel  to  the  links  E,  F,  and  M,  whether  the  floating  steelyard  D 
be  in  a  horizontal  position  or  be  tilted  through  a  small  angle  by  the 
friction  between  the  bearing  and  axle. 

The  knife  edge  H  is  prolonged  at  one  side,  so  as  to  be  fitted  with 
a  lever  P.  The  outer  end  of  the  lever  V  is  provided  with  a  hole, 
through  which  passes  the  screwed  rod  Q,  the  rod  Q  being  hinged 
at  R  to  the  stirrup  C.     Two  nuts,  one  on  each  side  of  the  lever  P, 
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fitted  on  the  rod  Q,  hold  the  lever  P  firmly  in  position.  If  the 
bearing  edge  of  the  knife  edge  U  ia  not  at  exactly  the  same  distance 
from  the  centre  of  the  axle  B  or  bearing  A  &a  the  knife  edge  G,  then 
by  slackening  one  of  the  said  nuts  and  tightening  up  the  other,  tho 
knife  edge  H  is  tilted  in  one  direction  or  the  other,  so  as  to  move 
the  bearing  edge  of  the  same  nearer  to  or  farther  away  from  the 
centre  of  the  axle  B  or  bearing  A,  as  may  be  required  to  make  the 
said  distances  exactly  equal. 

With  this  machine,  Goodman  has  carried  out  an  extended  series 
of  tests  of  antifriction  metals,  ball  bearings,  and  roller  bearings. 


The  Riehle  U.S.  'Stcutdard'  Machine  for  Testing  OiU  and  Bear- 
ing Metaia.  —  This  machine,  Gg.  ST,  is  a  modification  of  CSood- 
man's,  and  is  made  by  his  courtesy.  It  can  be  used  to  test 
either  the  wearing  qualities  of  different  bearing  metals,  or  the 
lubricating  properties  of  various  oils.  The  load  on  the  bearing  is 
applied  by  means  of  a  tumbuckte  connection  between  the  beam  and 
lower  lever,  and  is  weighed  on  the  beam  by  a  large  poise.  The 
friction  in  pounds  on  tbe  periphery  of  the  jonmal  is  indicated  by  a 
poise  on  the  upper  or  friction  b^m,  reading  by  increments  of  one 
pound.  The  journal  of  the  machine  is  mounted  on  four  large 
rollers,  which  reduce  the  friction  and  prevent  heating,  which  would 
aflfect  the  results  of  temperature  teste.  Ball  thrust  collar  bearings 
prevent  side  motion  of  the  journal,  and  take  any  thrust  in  this 
direction  which  would  cause  friction. 

The  bearing  to  be  tested  fits  in  a  cap  to  which  the  yoke  frame  is 
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attached;  this  yoke  fmiue  is  fitted  with  two  kniTe  edges  equidwUnt 
from  the  centre  of  the  shaft ;  two  oleviscs  join  these  knife  edges  with 
similar  knife  edges  in  the  eqiiidistaut  lever  below,  from  which 
connection  is  made  to  the  intermediate  lever  and  the  load  beam. 
The  yoke  frame  is  thus  perfectly  free  to  rotate  about  the  journal, 
and  any  tendency  to  do  so  will  show  on  the  friction  beam.  The 
machine  is  arranged  to  allow  the  pnUey  to  drive  it  in  either  direction. 
The  U.S.  standard  'teat  bearing'  of  nine  square  inches  projected 
area  is  used.  The  oil  may  be  supplied  from  a  sight-feed  oil  cnp, 
which  can  be  regulated ;  in  which  case  it  is  dropped  on  the  journal 
in  front  of  the  test  bearing,  distributes  itself  alon^;  the  edge  of  it, 
and  is  carried  midemeath  the  journal ;  or  a  pad  may  be  used,  which 
is  saturated  with  oil  and  placed  in  a  drawer  beneath  tlie  journal. 

This  machine  is  made  by  the  Riehl<!  Bros.  Testing  Machine  Co.,     I 
of  Philadelphia,  Pa.,  from  whose  pamphlet  the  alx>ve  description  and 
illustration  are  taken. 

Kinijalmry'i  Oil -testing  MadiiM.  —  Prof.  A.  Kingsbury  has 
described'  a  machine  and  methods  of  testing  oils  designed  with 
special  reference  to  the  conditions  under  which  the  effects  due  to 
oilinesB  or  'body,'  on  the  one  hand,  and  viscosity  on  the  other 
hand,  may  be  investigated  independently.  The  apparatus  used  is 
also  serviceable  for  tests  under  any  intermediate  condition.  The 
following  description  is  taken,  by  permission,  from  Kingsbury's  paper. 

Fig.  88  ahows  the  general  ap|)eamuce  of  the  testing  machine,  for 
the  frame  and  driving  pari«  of  which  a  14'inch  drilling  machine  was 
utilized.  The  test  journal  has  its  axis  vertical ;  it  is  sTiajwuded  from 
the  spindle  by  means  of  a  flexible  coupling  and  nnis  between  two 
opposed  bearings  in  a  eyUndrical  cup  or  case,  which  may  be  filled 
with  the  oil  to  be  tested  if  a  '  bath '  is  desired.  The  load  on  the 
hearings  is  provided  by  means  of  a  helical  spring  of  900  pounds 
capacity,  with  screw  adjustment  and  with  a  device  for  quick 
application  or  removal  of  the  load  without  disturbing  the  adjustment. 
This  spring  is  enclosed  in  a  horizontal  tube  attached  to  the  side  of 
the  oil  case.  The  cup  has  a  cover  with  a  small  hole  for  the  insertion 
of  a  thermometer. 

The  cup  and  attached  parts  are  Ixime  on  a  hollow  vertical  spindle, 
1|  inches  m  diameter,  turning  freely  in  a  sleeve  supported  from  the 
frame  of  the  machine  ;  the  spindle  extends  about  two  foot  below  the 
sleeve,  and  is  suspended  from  a  fixed  bracket  by  a  tempered  steel  wire 
passing  through  the  spindle  to  its  lower  end.  In  testing,  these 
suspended  part«  turn  freely  to  a  position  where  the  torsion  of  the 
suspension  wire  balances  the  friction  at  the  test  journal,  and  the 
angle  of  torsion,  which  may  be  as  great  as  270°,  is  read  froni  a 
graduated  disc.  The  suspended  parts  being  counterbalanced,  there 
is  no  appreciable  pressure  of  the  spindle  against  its  sleeve ;  and 
when  the  oil  in  this  bearing  becomes  evenly  distributed,  there  is  no 
error  from  friction,  as  has  been  amply  proven  by  teste  with  an 
'  Tmtu.  Avier.  Soc.  Mtch.  Bug.,  vol.  xxiv.  (1003).  H3. 
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'(ijilical  levor,'  OS  wdl  an  liy  tlic  iinifitrmity  ot  the  ncsnlta  in  ti 
Al  the  imiiiu  tUuc,  tbe  visoMily  of  tbc  oil  sorvcti  this  parpoM)  ( 
<]iiui]ihig  tliL-  cncillAtions  which  ariHC  from  rririntirTn<i  in*f 
friulii.u   at   l-liu   L(jst   juiinial.      Ttit^   tTit.di;   of  -ii-p,  -    "   ■ 


il)dic»luiiis  for  very  aiiiuU  friuliuiiti  nl  thu  Ui^il  jniininl,  iiliile  h  ImImI 
spring   jiliuied   tiii  the  L'jitotisioii  uf  llie   spindlo    ia  iidded  for  I 
involving  great  friotioii. 

The  cup  and  ttst  jourtuU  ci«itiaiiii.'d  in  it  may  he  htaLeil  ob  di^Htra 
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by  a  fiuuHcu  llatiic.  The  rcvolutiunu  of  tiiu  journal  lire  indicated  by 
a  coimtiog  device,  not  shown  iu  the  figure. 

For  testa  involving  perfect  Iitbricatioii  (Frictioa  due  to  vtMcasity 
only),  the  test  journal  used  is  1|  incJieB  diameter,  of  tool  steel, 
Iwrfened,  ground,  and  polished.  The  brasses  are  sectors  cut  from 
a  ring  liniahed  in  the  lathe,  each  having  an  arc  of  ubout  120* 
and  a  length  of  3  inches.  These  brcMses  are  fitted  with  some  care, 
so  that  when  perfectly  clean  they  may  be  made  to  adhere  to  the 
journal  after  the  miknner  of  well-Btted  '  surface  plates.'  In  making 
test«,  care  is  taken  to  prevent  wear  of  these  parts,  which  are  used 
only  under  such  loads  that  the  oil  film  effects  complete  separation 
of  the  surfaces  and  entirely  prevents  wear ;  the  load  is  always  relieved 
before  starting  or  stopping  the  journal ;  aud,  finally,  a  friction  device 
in  the  driving  coupling  safeguards  the  journal  from  motion  agtunst 
excessive  friction.  These  precautions  against  wear  are  necessary  to 
ensure  the  constancy  of  results. 

For  tests  for  comparing  oils  with  respect  to  '  body  '  or  oilineas,  the 
best  results  have  been  obtained  by  the  use  of  a  hardened  and 
polished  steel  journal  |  incli  in  diameter,  nmning  between  two  brass 
bearings  about  1  inch  long ;  on  this  small  journal  pressures  up  to 
8000  lbs.  per  square  inch  may  be  applied,  if  necessary.  The  samples 
of  oil  to  be  compared  are  contained  in  small  brass  cups  placed  inside 
the  case  and  surrounding  the  test  journal,  each  cup  having  a  wire 
for  transferring  oil  to  the  journal ;  the  ease,  samples,  and  journal 
are  heated  tc^etber  to  any  desired  temperature. 

Ill  testing  for  '  body '  the  oils  are  compared  in  pairs,  beuig  applied 
alternately  at  the  upper  end  of  the  l«aring,  one  being  applied  until 
the  friction  becomes  constant  or  nearly  so  ;  the  other  is  then  applied 
until  it  displaces  the  first  and  the  friction  again  becomes  constant 
at  the  new  value ;  this  process  is  repeated  several  times.  The  oil 
giving  the  less  friction  is  assumed  to  have  the  greater  body.  In 
this  way,  the  order  of  the  body  values  of  six  samples  of  oils  of  the  same 
class  may  generally  be  determined  for  any  giveti  temperature  in 
an  hour  or  less ;  the  friction  indications  rapidly  follow  the  changes 
of  the  oils  aud  are  generally  quit«  consistent.  When  the  oils  to  be 
compared  are  of  different  classes  (as  mineral  oils  with  fixed  oils), 
the  first  friction  indications  on  changing  oils  are  frequently  mislead- 
ing, and  a  longer  time  is  required  to  ensure  certainty  of  results. 

The  speeds  for  the  '  body '  tests  are  made  rather  low  and  pressures 
not  unnecessarily  high,  in  order  to  avoid  heating  and  wear  of  the 
journal,  since  it  is  essential  for  comparative  puriMwes  that  the 
surfaces  should  be  in  the  same  condition  for  both  samples  compared 
— a  requisite  which,  above  all  others,  led  to  the  development  of  tills 
method  of  testing.  Again,  the  actual  temperature  uf  the  oil  at  the 
tost  surfaces  is  shown  more  nearly  by  the  thermometer  if  but  little 
heating  by  friction  be  permitted.  The  order  of  '  body '  values,  as 
determined  by  this  method,  has  been  found  not  to  vary  with  the 
speed  or  tlio  pressure  within  a  considerable  range.     A  speed  of  GO 
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to  100  revolutions  (3  to  fi  feet)  per  minute,  with  sufficient  pressure 
to  make  the  coetlicieut  of  friction  only  as  great  as  0*01  to  0'03,  have 
been  fi)und  mosst  satisfactory  ;  the  pressures  being  from  500  to  5000 
\\t>.  per  Sijuaro  inch,  accorxiiug  to  the  character  of  the  oils. 

In  the  tests  made  with  this  machine  under  conditions  of  'perfect' 
luhrication  it  was  fuinid  that  the  surfaces  were  so  perfectly  separated 
by  the  oil-tihu  that  the  coefficients  of  friction  were  extremely  small, 
tlie  uiiiiinunn  coetticient  for  all  oils  being  found  to  be,  approximately, 
U-LhK)6.  The  results  obtained  by  different  experimenters  agreed 
reiiiarktibly  well,  and  were  foimd  to  approximately  verify  Reynolds' 
deihiction  from  IWauchamp  Towers  experiments,  that  the  friction 
under  conditions  of  perfect  lubrication  is  proportional  to  the  viscosity 
(if  the  oil  and  varies*,  approximately,  as  the  square  root  of  the  speed. 

The  MkkIv'  or  oiliness  tests  made  with  this  machine  are  the  most 
useful  from  a  practical  ix>int  of  view,  and  they  support  the  established 
fact  that  the  mineral  oils  as  a  class  have  much  less  body  than  the 
animal  and  vegetable  oils  of  similar  or  nearly  the  same  viscosity. 
When,  however,  the  difference  in  viscosity  was  great,  as  for  instance 
between  mineral  cylinder  oil  and  lard  oil,  the  mineral  oU  was  found 
to  iKwscss  the  greater  Ixidy.  As  showing  the  relation  between  viscosity 
and  ^IkmIv,'  it  is  interesting  to  note  that  four  cylinder  oils  were 
found  to  ix>s.sess  body  in  the  same  order  as  viscosity.  Samples  of 
castor,  land,  olive  and  sperm  oils  also  ranged  themselves  by  the 
body  test  in  the  same  order  as  that  of  their  viscosities. 

The  Lahmeyer  Oil-iesfituf  Machine. — This  machine,  shown  in  fig. 
89,  consists  of  a  short  length  of  shaft  ruiming  in  a  ring-lubricated 
bearing,  and  carrying  a  heavy  fly-wheel  at  each  end.  The  shaft  is 
provided  with  a  pin-coupling,  so  that  the  motive  power  (either 
electrical,  mechanical,  or  hand)  can  be  uncoupled  at  any  moment 
while  running.  The  apparatus  is  supplied  in  four  types,  viz. — (a) 
electrically  driven  ;  (b)  mechanically  driven  ;  (r)  for  hand  power;  and 
('/)  for  laboratory  purjKJscs.  The  last  is  provided  with  fly-wheels  for 
dittcrent  bearing  pressures,  and  an  exact  arrangement  for  measuring 
speed. 

The  method  of  testing  is  as  follows  : — 

The  bearing  is  supplied  with  the  oil  to  be  tested,  the  motor  is 
started,  and  the  fly-wheel  sliaft  is  run  at  full  speed  for  a  certain  time. 
The  motor  is  then  uncoupled,  and  the  time  noted  which  the  apparatus 
takes  in  coming  to  rest. 

This  macliine  chiefly  measures  effects  due  to  viscosity,  and  it  is 
only  during  the  last  few  revolutions,  when  the  speed  is  very  low,  that 
effects  due  to  *  oiliness '  will  show  themselves. 

Disc  and  Collar  Machmee~6^MtYa//i7t7//  of,  foi-  Oil  Tt4ini/.—T\\Q 
wwlging  action  of  the  lubricant,  resulting  from  the  different  radii  of 
the  surfaces  of  cylindrical  journals  and  the  brasses  which  rest  upon 
them,  does  not  affect  the  lubrication  of  collar  or  disc-shaped  surfaces 
to  any  very  great  extent.  On  this  account,  the  loads  which  such  flat 
bearings  will  carry  are  about  one-eighth  part  of  those  which  may 
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be  put  Upon  jouniak.  Collar  and  disc  luljrication  mainly  depends  for 
its  efficiency  upon  the  oilinesa  or  grcaeiiieBs  of  the  lubricant  used. 
Such  bearings  would,  therefore,  seem  to  be  v^ell  calculated  to  give  good 
resulte  in  oil-testing  machines.  Of  course,  they  will  always  give  com- 
paratively high  frictional  resistances,  and,  therefore,  must  not  be 
regarded  as  suitable  for  comparison  with  those  obtained  with  the 
cyliudrical  bearings  of  actual  working  nmohiues  or  machine  tools. 
However,  as  the  conditions  which  obtain  in  lubricated  bearings  become 
better  understood,  it  seems  likely  that  disc  or  collar  machines,  highly 
loaded  and  running  at  moderate  speeds,  will  be  more  and  more  ex- 
tensively used  for  oil-testing  purposes. 


Fm,  as. 

MacN^augMi  Testing  Machine. — This,  which  is  one  of  the  earliest 
forms  of  disc  oil-testers,  is  shown  in  flg.  90.  A  vertical  spindle  A, 
driven  by  a  pulley  D,  carries  on  its  upper  end  a  circular  plate  E. 
Upon  this  plate  reHta  a  disc  F,  a  projecting  stud,  a,  on  which,  when 
the  disc  is  rotated  by  the  friction  between  it  and  the  rotatuig  plate 
below,  presses  against  a  pin  fixed  on  an  arm  attached  at  right  angles 
to  the  weighted  lever  G  H,  (This  arm  is  not  shown  in  the  figure.) 
A  few  drops  of  oil  having  been  placed  between  the  plate  and  disc, 
and  the  apparatus  set  in  motion,  the  adjustable  weight  J  is  moved 
until  a  condition  of  equilibrium  is  established. 

WoodhuryW  Oil-lestim/  Maeiiine. — This  niacbtne  is  an  improvement 
on  that  of  MacNaught.  The  lower  disc  is  fixed  to  the  upper  end 
of  a  vertical  shaft  to  which  the  driving  pidtey  is  secured.     The  upper 
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licariiig  aiirfaco  in  on  aniuil&r  ring  placed  somewhAt  eccentricftUj  witli 
tho  (line  Iieliiw,  to  Heciiro  unifomi  wear.  The  ring  is  hollow,  ia  divided 
by  tt  vertical  partition  into  two  passages  through  which  water  caD 
be  [lOHiied  to  control  the  temperature,  and  the  sides  and  top  are 
Hurroiiiide'l  )>y  a  hood  of  hard  indiarubber  packed  with  eider-down. 
The  loud  in  fipplicd  by  weights  placed  beneath  the  table  and  Biting 
from  H  cmss-lnir  renting  upon  a  vertical  spindle,  the  thrust  of  which  i> 
tranHiiiittcd  to  four  points  on  the  upper  ring  by  a  cross-shaped  lever 
and  central  ball-and-socket  joint  The  beanngs  which  carry  the 
iipl)cr  Hliaft  can  l^e  rotut«d  iu  different  directions  by  tneaoa  of  piUleys, 


BO  aH  to  reduce  tho  frictioniil  reaiatanccs.  This  arrangement  allows 
the  annular  ring  to  rotate  freely  throiigh  several  degrees  and  actuate 
a  spring  dynamometer  which  shows  the  frictional  resistances,  the 
oroHH-beam,  weights,  etc.,  being  free  to  move  with  it  The  lubricant 
under  trial  is  conducted,  by  a  sight-feed  arrangement,  through  the 
central  openiii);  in  the  upper  ring  to  a  recess  in  the  centre  of  the 
lower  disc.  A  counter  indicates  the  number  of  revolutions  made  in 
any  given  time,  and  a  therniomctcr  shows  the  rise  of  temperature. 

Deprez  atul  Napoti't  Teiitin</  ifachine. — This  machine,  which  b 
shown  in  fig.  91,  resembles  Woodbury's  machine  in  some  respects. 
The  load,  which  is  applied  by  a  lever  and  weight,  forces  three  inclined 
bronKO  blocks,  each  Itaving  a  surface  of  10  square  centimetres,  into 
contact  with  a  rotating  disc  below.     The  turning  moment  is  meaaur^ 
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by  menus  of  &  jienduliim,  octutitcd  by  a  aUel  baud  connected  to  the 
disc  carrying  the  friction  blocks  S  S  S.  An  aitt«inatic  record  is  drawn 
upon  a  sheet  of  paper  stretched  upon  a  sniall  trolly  set  in  motion  by 
a  pendulum,  the  pencil  being  ftxcd  to  a  travelling  ann. 

Totuer't  Disc  and  Collar  OH-  leeling  Mw-hineg,  —  Besides  the 
machine  for  measuring  the  friction  of  journals,  two  other  machines 
were  destgtied  atid  esperimoutod  with  by  Bcauchamp  Tower.  One 
was  for  menauring  disc-  and  tbc  olbiT  collar-friction. 


The  apparatus  used  for  measuring  the  friction  of  lubricated  discs 
is  shown  in  figs.  92  and  1 IG  (p.  424).  The  vertical  shaft  carrying  the 
footstep  gears  into  a  horizontal  shaft,  the  driviug  pulley  on  which 
can  be  changed  to  give  the  required  speeds.  A  hard  steel  centre, 
secured  to  the  bottom  of  the  bearing  B,  rei^  upon  a  plunger  Htting 
the  cylinder  P,  whilst  the  vertical  driving  shaft  is  fitt«l  at  its  upper 
end  with  a  piston  T  of  the  same  diameter  as  that  of  the  cylinder  P. 
By  vaiyiTig  the  pressure  of  the  oil,  which  is  supplied  by  a  hand-pump 
with  air  vessel,  the  pressure  upon  the  ram  can  be  varied  so  as  to 


I 
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give  any  dcsirod  load  upon  the  contaot  surfacea.  Tiro  radial  groom 
in  the  hc»ring,  Hhown  on  a  lai^r  scale  in  fig.  116,  pass  from  the 
centro  of  the  bearing  face  to  within  a  short  distance  of  ite  circum- 
fcrenco,   and   the  motion  causes  the  lubricant  to  flow  out  at  its 


Fio.  92. 

periphery  into  the  annular  space  surroundiDg  E,  from  which  it 
p.-Y>ues  through  the  xpoiit,  drops  into  the  pipe,  and  again  enters  the 
bearing.      A    pulley    L,   actuating  a  spring,    shows    the    friotional 

resistance  of  the  surf  aces. 


Fia.  9R. 


Tho  machine  shown  in  fig.  93  was  designed  to  measure  the  friction 
of  a  collar.  The  weight  was  applied  by  a  delicately  adjusted  spring 
S,  one  end  of  which  abutted  against  tho  front  disc  D,  whilst  the  other 
end  pi-essed  against  a  nut  N  on  a  central  bolt  B  connected  with  the 
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disc  C.  TliG  two  discs  rotating  together,  and  pressing  on  tbe  steel 
ring  R,  tended  by  friction  to  carry  it  with  them,  but  were  prevented 
from  doing  bo  by  a  harizanta]  lever  atoched  to  the  ring,  the  friction 
between  the  ring  and  discs  being  measured  by  a  spring-balance 
attached  to  the  end  of  the  lever.  The  methods  of  lubrication  used, 
and  the  conditions  under  which 
the  eiperiments  with  this  machine 
were  made,  were  not  such  as  met 
with  general  approval,  it  being 
considered  that  the  information 
gained  by  its  use  was  not  so 
complete  as  the  machine  was 
calculated  to  furnish, 

Blake's  Oil-letting  Machine.^^ 
This  apparatus  consists  of  a 
vertical  shaft  driven  by  suitable 
mechanism,  having  a  conical  or 
hemispherical  cup  on  its  upper 
end.  Into  this  cup  is  accurately 
fitted  a  conical  or  hemispherical 
plug  which  will  easily  revolve  in 
the  cup,  carrying  a  vertical  spindle 
or  shitft  to  which  are  fitted  one 
or  more  horiaontal  arms  to  which 
vanes  are  attached.  Pressure  can 
be  applied  U)  the  plug  by  means 
of  a  weighted  lever.  Separate 
counters  give  the  number  of 
revolutions  of  the  cup  and  plug 
respectively.  The  lubricant  to 
be  tested  is  placed  in  the  cup, 
and  after  the  plug  has  l>een  in- 
serted, the  former  is  caused  to 
rotate  rapidly  for  a  definite  length 
of  time.  The  number  of  revolu- 
tions made  by  the  cup  and  plug 

having  been  road  off  and  recorded,  

the  former  is  cleaned  and  another  inchc* 

or  standard  lubricant  is  similarly  y,a_  94, 

tested.     The  lubricant  which  best 

reduces  the  friction  between  the  cup  and  the  plug  will  cause  the 

latter  to  make  the  smallest  number  of  revolutions. 

Bailet/'a  Pendiilvw  OH-teHin'j  Miieliim. — This  apparatus  was 
designed  for  testing  such  oils  na  are  used  for  watches,  clocks,  and 
other  small  machines.  The  small  bniss  disc  linked  to  the  pendulum 
(fig.  94)  reat«  upon  a  horiwantal  plate.  When  the  pendulum  is  set  in 
motion,  the  friction  of  the  disc  slowly  brings  it  to  rest,  the  friotion  of 
'  Eiifi.  Pul.  '2B4B2  of  191)2.  __ 
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the  rubbing  surfaces  being  estimated  from  the  time  required  to  do 
this. 

Friction  of  Screws. — The  friction  of  screws  has  been  ezperi- 
mentallj  investigated  by  Kingsbury  ^  under  the  conditions  of  veiy 
slow  motion,  free  lubrication,  and  pressures  varying  from  zero  to 
14,000  pounds  per  square  inch  of  bearing  surface.  The  machine 
used  was  specially  designed  for  the  purpose.  The  tests  were  made 
upon  a  set  of  square-threaded  screws  and  nuts  of  the  following 
dimensions : — 


Outside  diameter  of  screw, 
IiiBide  diameter  of  nut,     . 
*  Mean  diameter '  of  thread, 
Pitch  of  tluread. 
Depth  of  nut,     . 


1426  inch 

1-276 

1-352 


.i 


n 

M 
W 


(effective) 

The  nuts  fitted  the  screws  very  loosely,  so  that  all  friction  was 
excluded,  except  that  on  the  faces  of  the  threads  directly  supporting 
the  load.  The  screws  and  nuts  were  flooded  with  the  oil  when  placed 
in  the  machine,  which  was  operated  by  hand  gearing,  the  screw  being 
driven  at  a  very  slow  rate  (not  more  than  one  revolution  in  two 
minutes)  until  the  pressure  was  raised  to  the  desired  amount,  the 
friction  being  measured  by  the  swinging  out  of  a  pendulum  which 
carried  the  nut  and  automatically  recorded  on  a  revolving  drum. 
The  results  obtained  are  set  out  in  Tables  XCIf  to  XCIj,  taken  from 
the  author^s  paper. 


Table  XCIf.— Mean  Coefficients  for  Heavy  (Mineral) 

Machinery  Oil  (Sp.  gr.  0*912). 

(Actually  read  at  10,000  lbs.  pressure  j)er  square  inch.    Each  figure  is  the 

average  for  eight  cards.) 


ScrewB. 

NuU. 

6 

Mild 
Steel. 

7 

Wrought 
Iron. 

8 

Cast 
Iron. 

•136 
•138 
•119 
•172 
•13 

9 

Cttt 
Brats. 

1.  Mild  steel,        .... 

2.  Wrought  iron, .... 

3.  Cast  iron,         ,        .        .        . 

4.  Cast  bronze,     .        ,        .        . 

5.  Mild  steel,  case-hardened, 

•141 
•139 
•125 
•124 
•133 

•16 

•14 

•139 

•135 

•143 

•136 
•147 
•171 
•132 
•193 

Mean  of  all,  0*1426. 

Highest  for  a  single  card  (screw  5,  nut  9), 
Lowest        „  ..        (screw  3,  nut  8), 


>» 


0-20. 
0-11. 


*  Trans,  Amer.  Soc,  Meek.  Eng.,  vol.  xvii.  (1896),  p.  9(J. 
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XCIo. — Mean  Coefficients  for  Lard  Oil. 

(Actually  read  at  10,000  lbs.  pressure  per  square  inch.    Each  figure  is  the 

average  for  four  cards.) 


Screws. 

Nuts. 

6 

Mild 
steel. 

7 

Wrought 
Iron. 

8 

Cast 
Iron. 

9 

Cast 
Brass. 

1.  Mild  steel, 

2.  Wrought  iron, .... 

3.  Cast  iron,          .... 

4.  Cast  bronze,      .... 

5.  Mild  steel,  case-hardened, 

12 

1125 

10 

1150 

•1175 

•105 

•1075 

•10 

•10 

•0975 

•10 

•10 

095 

11 

105 

•11 

'12 

•11 

•1325 

•1375 

Mean  of  all,  ©•1098. 

Highest  for  a  single  card  (screw  4,  nut  9), 
Lowest        „  „         (screw  3,  nut  8), 


»> 


n 


0-26, 
009. 


Table  XCIh.— Mean  Coefficients  for  Heavy  Machinery  Oil 

AND  Graphite. 

(Actually  read  at  10,000  lbs.  pressure  per  square  inch.    Each  figure 

is  the  average  for  four  cards.) 


Mean  of  all,  0^07. 

Highest  for  a  single  card  (screw  5,  nut  6), 
Lowest        „  „        (screw  5,  nut  9), 


Screws.                                                               Nuts. 

6 

Mild 
SteeL 

7 

Wrought 
Iron. 

8 

Cast 
Iron. 

9 

Cast 
Brass. 

1.  Mild  steel,        .... 

2.  Wrought  iron  . 

3.  Cast  iron,         .... 

4.  Cast  bronze,     .... 

5.  Mild  steel,  case-hardened. 

•111 

•089 

•1075 

•071 

•1275 

•0675 
•07 
071 
•045 
•055 

•065 
•075 
•105 
•044 
•07 

•04 

•055 

•059 

•036 

035 

» 


015. 
003. 
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Table  XCIi.^Mean  Coefficients  for  Hfj^vt  Machinbbt  Oil. 

(Actually  read  at  3000  lbs.  pressure  per  square  inch.     Each  figure 

is  the  average  for  four  cards.) 


1.  Mild  steel, 

2.  Wrought  iron, 

3.  Cast  iron, 

4.  Cast  bronze, 

5.  Mild  steel,  case 


hardened, 


0 

7 

Mild 

WroQgbt 

Steel. 

Iron. 

•147 

•156 

•15 

•16 

•15 

•167 

•127 

•13 

•155 

•1775 

8 

Cait 
Iron. 


0 
Cast 


•132 

•15 

•14 

•13 

•1676 


•127 

•117 

•12 

•14 

1325 


Mean  of  all,  0^1433. 

Highest  for  a  single  card  (screw  5,  nut  7), 
I/owest        „  „        (screw  2,  nut  9), 


» 


» 


019. 
Oil. 


Kingsbury  concludes  from  his  experiments  that  for  metallic 
screws  in  good  condition,  tuniing  at  extremely  slow  speeds,  under 
any  pressure  up  to  14,000  lbs.  per  square  inch  of  bearing  surface, 
and   freely  lubricated  before  application  of  pressure,  the  following 

coefficients  of  friction  may  be  used  : — 

Table  XCIj. — Coefficients  of  Friction. 


Lubricant. 

Minimum. 

Bfaximum. 

Mean. 

1 

Lard  oil, 

Heavy  (mineral)  machinery  oil. 
Heavy  machinery  oil  and  graphite  in 
equal  volumes,       .... 

•09 
•11 

•03 

•25 
•19 

•15 

•11 
•143 

•07 

Kingsbury  does  not  consider  that  the  tests  prove  that  any  one  of 
the  metals  used  develops  less  friction  than  any  of  the  others,  under 
the  methods  of  testing  employed,  although  such  results  might  be 
inferred  from  Table  XCIu,  for  instance,  in  which  the  coefficients 
for  the  brass  nut  are  vmiformly  lower  than  for  any  of  the  others.  Nor 
docs  he  believe  that  the  method  of  testing  employed  is  the  best 
possible  ;  a  number  of  cast-iron  nuts  and  screws  tested  by  themselves, 
and  a  number  of  steel  nuts  and  screws  similarly  tested,  might  give 
results  showing  less  variation  than  is  evident  in  the  records  given 
above,  and  hence  more  definitely  comparable  with  each  other. 


CHAPTER  X. 

THE  DESIGN  AND  LUBRICATION  OF  BEARINGS  AND  OTHER   FRICTION 

SURFACES. 

Forms  and  Functions  of  Friction  SurflEtces. — Bearings  are  the 
surfaces  of  contact  between  the  moving  parts  and  the  frame  of  a 
machine,  or  of  one  moving  part  and  another.  They  guide  the  motions 
of  the  pieces  they  carry,  and  their  shapes  depend  on  the  nature  of 
the  motions  required.  When,  for  instance,  the  piece  is  required  to 
move  in  a  straight  line,  the  bearing  must  be  either  plane  or  cylin- 
drical, with  the  axis  in  the  line  of  motion.  On  the  other  hand, 
rotating  pieces  must  have  surfaces  accurately  turned  to  figures  of 
revolution. 

The  parts  of  moving  pieces  which  are  in  contact  with  the  bearings 
may  be  classi6ed  as  slides,  gudgeons,  journals,  bushes,  pivots,  and 
screws.  We  also  have  to  deal  with  *  line '  contact  surfaces  which,  if 
they  do  not  act  as  glides,  yet  have  tangential  motion. 

Owing  to  the  weight  of  the  moving  parts,  or  the  stresses  the 
machine  has  to  transmit,  the  bearing  surfaces  are  pressed  together 
with  considerable  force.  Consequently,  not  only  must  the  moving 
parts  and  the  frame  of  the  machine  be  strong  enough  to  bear  the 
stresses  to  which  they  may  be  subjected,  but  the  contact  areas  must 
be  sufficiently  large  to  prevent  overheating  and  undue  wear.  To 
secure  the  required  area  of  bearing,  the  rubbing  surfaces  are  fre- 
quently made  very  long  and  narrow,  whilst  in  other  instances  they 
are  square,  or  approximately  circular. 

Materitds  used  for  Bearings  and  Friction  Surfaces. — Importance 
of  using  Suitable  Materials, — Although  it  is  true  that,  in  the 
majority  of  instances,  the  selection  of  a  suitable  lubricant,  and  its 
proper  method  of  application  to  the  surfaces,  are  of  paramount 
importance,  it  very  frequently  happens  that  the  conditions  of  working 
are  such  that  particular  attention  must  be  paid  to  the  nature  of  the 
surfaces  which  are  to  work  in  contact,  otherwise  rapid  wear  will 
take  place.  Such  wear  may  result  from  the  fact  either  that  the 
rubbing  surfaces  are  exposed  to  the  atmosphere  and  become  dirty 
and  gritty,  or  that  the  bearing  surface  is  merely  a  line,  or  that  the 
motion  is  too  slow  or  too  fast  and  the  load  heavy. 
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The  jKisHibility  of  iiiaintaiiiing  a  machine  in  good  condition  without 
the  frequent  renewal  of  jxirUi,  depends  largely  upon  the  cure  which 
hjus  l>een  exercised  in  designing  it  so  as  to  secure  the  conditions 
under  which  perfect  lubrication  is  obtained.  When  the  conditions 
are  such  that  perfect  lubrication  is  imj)ossible,  care  must  be  taken 
to  make  the  rubbing  surfaces  of  as  durable  a  material  as  possible. 
To  etlbct  these  objects  under  the  diverse  conditions  of  ever}'day 
pnictice,  a  large  number  of  devices  have  been  introduced,  a  few  of 
the  principal  of  which  we  purpose  describing. 

Before  the  intixxiuction  of  mineral  oils  for  lubricating  purposes, 
the  necessity  of  paying  considerable  attention  to  the  nature  of  the 
contiict  surfaces  wiis  not  so  great  as  now,  for,  as  both  animal  and 
vegetable  lubricants  remain  fairly  viscous  when  heated,  and  possess 
the  property  of  oiliness  or  greasiness  very  markedly,  metallic  surfaces, 
separated  by  fatty  oils,  unless  subjected  to  excessive  loads,  seldom 
injure  each  other  seriously.  On  the  other  hand,  since  the  introduc- 
tion of  the  less  *oilv'  mineral  oils,  it  has  been  found  more  and  more 
necessiiry  to  use  the  so-called  *  antifriction  metals '  as  bearing  surfaces. 
Indeed,  a  study  of  the  effects  produced  by  varying  the  nature  of  the 
metiillic  or  other  surfaces  in  contiict  has,  of  late  years,  been  forced 
upon  the  engineer  by  the  conditions  of  running  and  the  nature  of 
the  luV)ricants  availal)le,  with  the  result  that  greater  attention  is 
now  paid  to  this  point  in  machine  design.  Of  course,  the  advanUiges 
gained  by  making  the  bearing  surfaces  of  different  materials  were 
recognized  at  a  very  early  dat« ;  but  brasses  and  bronzes  of  various 
kinds,  working  against  iron  or  steel,  proved  quite  sufficient,  as  a  rule, 
to  prevent  seizing  and  heating. 

As,  when  two  clean  surfaces  work  against  each  other,  the  softor  of 
the  two  (ijroviding  they  do  not  seize)  weai-s  much  more  rapidly  than 
the  harder  one,  it  is  well  to  make  that  surface  which  is  most  easily 
and  cheaply  replaced  of  the  softest  material.  The  rubbing  surfaces 
of  a  ]>earing  are,  on  this  account,  removable  pieces  (steps  or  bushels), 
which  are  easily  replaced  by  new  ones. 

Indeed  it  is  not  too  much  to  say  that  the  introduction  of  mineral 
oils,  and  the  recognition  of  the  true  part  played  by  viscosity  in  lubri- 
cation, have  necessitated  great  alterations  in  the  principles  of  design 
so  far  as  the  conUict  surfaces  of  machines  are  concerned  ;  for  mineral 
oils,  although  stable  even  when  heated,  and  giving  excellent  results 
on  proj^erly  designed  bearings,  are  generally  deficient  in  the  jx>wcr 
of  maintaining  lubriciiting  films  between  bearing  surfaces  when  the 
speeds  are  low,  or  when  the  faces  arc  pressed  together  by  hcAvv 
loads. 

In  many  instiinces,  the  conditions  of  work  are  such  that  etlicient 
lubrication  is  ini[)ossi])le.  For  instance,  parts  of  sewing  mju'hines 
and  of  watch  and  clock  mechanism,  knitting  machines,  and  nianv 
other  contrivances,  such  as  machine  gun  mechanism,  have  to  depend 
very  largely  for  their  durability  upon  the  haixiness  of  the  bearing 
surfaces  and  their  suitability  for  working  in  contact  with  each  other. 
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Mniiy  rubbitig  surfaces  u|kiii  which  the  load  is  email  are  iievar  really 
lubricated,  for  even  the  contamination  film  is  rubbed  off.  In  such 
instances,  it  is  &bsolntely  noceesaiy  that  the  materials  used  should 
be  exceedingly  hard  and  such  as  will  not  adhere  finiilj  together, 
even  wimn  the  surfaces  are  chemically  clean. 

It  is  now  becoming  more  clearly  recognized  that  solids  poesesB 
proportit!9  which  liave  been  generally  reguded  as  peculiar  to  liquids. 
Thus  lead,  when  quite  clean,  is  sticky,  two  pieces  welding  together 
upon  being  brought  into  contact.  But  not  only  do  somo  solids  easily 
weld  together  in  the  cold,  they  even  diffuse  into  ea«h  other. 

It  will  be  seen  from  this  how  important  it  is  to  pay  the  moat 
particular  attention  to  the  physical  properties  of  the  metals  used  for 
bearing  snrfaces. 

Harilrum  aitil  it*  DelermiKofion. — Altliough  we  speak  of  liodies  as 
Iwing  hard  and  soft,  these  are  scarcely  scientific  terms,  for  the  hard- 
ness of  different  substances  measured  in  different  ways  is  by  i 
moans  always  the  same.  For  onr  purpose,  hardness  may  be  defined 
as  the  resistance  offered  to  permanent  plastic  deformation.  V" 
must  clearly  iUstinguiuh  between  more  skin  hardness  and  the  hardnt 
of  the  mass  of  the  metal,  for  exposure  to  air,  etc.,  or  mechanical  and 
chemical  treatment,  will  uften  harden  the  surfaces  of  even  soft  bodies 
considerably. 

A  scriea  of  ci)>erimcnts  by  Bottoue,  who  measured  the  load  neccs- 
aary  to  produce  a  cut  of  definite  depth,  show  great  ditferencos  in  the 
hanlness  of  different  metuts.  In  liis  scale  of  hardness  the  diamond 
is  taken  at  3010.  His  determinations  of  the  relative  hardness 
twenty  metals  are  as  follow  : — 


Maugano 

Coliall, 
Nickel, 

Iron, 


Iridiii 


Tablk  soil — Rklativb  Hardness  o 


14&6 

1451) 
UIO 
1375 

1107 
1077 


Mbtal 


oasium,  .        ,        .        .        '230 

rnwin  has  devised  a  method  of  measuring  hardness  by  using  a 
straight  knife  edge  us  the  indenting  tool.  Several  series  of  uhscrva- 
tioDH  of  the  indentAtions  produced  in  J-inch  bars  of  different  nietala 
with  various  loads  wore  made,  and  for  each  metal  a  constant  wna 
deduced  which  is  a  measure  of  its  hardness.  It  was  rounii  tliut  the 
c«|UHtiun  C  i-p"  may  Ijo  taken  as  the  relation  Iictwoen  the  loud 
iiiul  iiidontatiun,  C  being  a  constant  giving  the  relative  liardnose  of 
the  motal  tested,  i  the  depth  of  the  JndeutAtion  in  inches,  and  ^  ^"^ 


tt^tttm 
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pressure  in  tons  per  iuch  width  of  knife  edge  iu  coutact  with  the 
bar. 

Using  this  formula,  Unwin  obtained  the  following  numbers  ex- 
pressing the  relative  hardness  of  certain  metals  and  alloys  : — 

Cafit  steel,  normal, 554*0 

Bras8No.  2, 246-0 

Brass  No.  1, 221-0 

Mild  steel,                 143*5 

Copper,  uiiannealed, 105'2 

Aluminium  alloy,  cast, 103*5 

Copper,  annealed, 62*0 

Aluminium,  squirted, 41*8 

Zin(L  cast, 40*8 

Lead,  cast, 4*2 

The  relative  scales  of  hardness  obtained  by  both  the  scratch  method 
and  the  indentation  method  are  said  to  be  practically  the  same,  but 
the  scale  obtained  with  the  indentation  mcUiod  is  a  more  open  scale 
than  with  the  scratch  method,  which  remains  to  be  described. 

Uiiwiu's  method  is  not  suitable  for  very  hard  or  brittle  bodies,  or 
for  determinhig  surface  hardness.  The  latter  may  be  best  ascertained 
by  the  use  of  Tumor's  sclcrometer  (hardness  measurer),  a  modified  form 
of  which,  described  by  Blount  and  Bloxam,^  is  shown  in  fig.  95. 


TTT-mTrnTriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii  1 1  1 1 1 1  ii  ii  1 1 1 1 1 1 1 1  n  1 1  n  1 1 ,  i ;  < 
rTTTTTTTTTmTTnilllllllllllllllllllllMIIIIIMIIIIIIIIIIIIMMrTTT^ 

Fio.  95.— Turner's  Sclerometer. 

A  steelyard  beam  A  swings  on  a  pivot  in  a  horizontal  plane  and 
oscillates  on  knife  edges  in  a  vertical  plane.  At  the  end  remote  from 
the  knife  edge  is  a  style  B,  shod  with  a  diamond  point.  To  prevent 
the  style  from  chattering  it  is  placed  at  an  angle  with  the  plane  of  the 
beam.  A  scale  pan  C  slides  along  the  beam,  which  is  graduated,  and 
by  its  means  a  load  varying  from  1  to  100  grammes  can  be  placed 
upon  the  diamond  point.  The  piece  to  be  tested  is  prepared  with  a 
polished  surface  free  from  scratches,  and  is  clamp^  on  the  rising 
table  D.     The  diamond  point  is  loaded  with  a  known  pressure  and 

^  Engineering  Chemistry ^  vol.  L  pp.  28-81. 
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drawn  aoross  the  polishyd  clean  surface.     By  means  of  the  screw  E  the 
table  is  moved  bodily  a  short  distance — e.g.  .*(,  inch— and  another  trinl     , 
miide  with  a  differeut  loiu].     The  load  which  just  enffices  to  abrade  the 
specimen  is  a  measure  of  ittt  surface  hardness.     The  iustniment  is 
preferably  iiBod  in  conjunction  with  a  low-jmwor  mici'oacope  (1   inch     | 
objective)  to  view  the  soratches  and  decide  which  corresponds  with 
the  abrading  load.     The  following  table  (Turner)  shows  the  hardoesa     I 
of  varioiiB  materials,  the  numbers  b^ing  the  load  in  grammes  required 
to  just  scratch  the  specimen  when  tested  by  the  sclerouieter :—  I 

Steatite, 1 

Lead,  commercial, I  J 

Tin, 2-5  I 

Zinc,  annealed, 6  I 

Copper,     ........  8  I 

Softestiron tl>  I 

MUdBleel, 21  I 

IVreHteel, 30-24  I 

Hard  cost  ir<m, 36  I 

Hardest  chilled  iniii,         .....  72  I 

Hard  StieL — In  the  caae  of  line  ooiiUict,  such  us  occurs  in  the  | 
variuuB  forms  of  trip  gear  for  Corliss  engine  valves,  the  l^est  rcsnlts 
are  obtained  with  teuipcred  steel  faces,  screwed,  or  otherwise  secured, 
to  softer  metal  supports.  Such  faces  last  well  if  reaaonable  care  be 
taken  to  keep  them  free  from  grit,  and  to  lubricate  them  efficiently 
with  a  fairly  viscous  oil. 

Hard  steel  surfaces  having  considerable  contact  areas,  and  carrying 
heavy  loads,  are,  as  a  rule,  made  to  work  against  softer  materials. 
When  two  suuli  hard  surfaces  have  to  work  against  each  other, 
they  must  be  very  accurately  fitted,  and  such  provision  made  in  the 
deeigu  as  will  admit  of  an  equal  distribution  of  the  load,  even  if  the 
parte  should  not  ru»  quite  accurately  together.  I 

Low  carbon  steel,  if  used  for  shafting,  cranks,  journals,  and  the  like, 
is  very  apt  to  give  trouble,  the  metal  being  too  soft  to  make  good 
Ixianngs,  On  this  account,  engine  niokeni  now  order  steel  containing 
us  much  OK  0'4  per  cent,  of  carbon.  With  such  material,  every  care 
niust  be  taken  to  etiBurc  thorough  annealing  at  the  proper  tem- 
pcmture,  otherwise  large  niaitses  will  prove  difficult  to  work  and  bo 
liable  to  fracture, 

Soft  steel  is  also  very  liable,  when  running  on  hard  bronze  bearings, 
especially  if  the  lubrication  becomes  defective,  to  seize  locally  and  pick 
up  particles  of  copper,  which  become  alloyed  with  the  iron,  and 
increase  at  every  revolution  by  attraotiug  fresh  panicles,  like  a  rolling 
unowball,  until  at  leikgth  serious  boating  and  damage  are  the  result. 

When  it   is  neceasary  to  make  the  surfaces  as  hard  as  can    l»e 
obtained  by  the  use  of  very  high  carbon  tempered  steel,  the  speed 
of  rnbbing  is  genemlly  low.     There  is  coiisequLintly  a   veiy  small    i 
liberation  of  heat.  j 

Cate-hardeiied  Iron  and  Sfee/.— Hard  steel  is  too  bt\\.t\tt  \iiT  Y-"****! 
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links,  and  for  Kuch  (larts  as  the  axles,  cups,  and  cones  of  cycles.  These 
arc,  therefoR',  made  of  case-hardened  iron  or  mild  steel,  t.e.  iron  or 
steel  of  which  the  surface  only  has  been  hardened,  leaving  the  core 
soft.  This  is  ctfccted  by  heating  the  articles  to  a  suitable  tempera- 
ture (about  1000*  C.)  in  a  closed  box  filled  with  finely  powdered 
carlK)nacoous  material  such  as  charred  leather,  horn  cuttings,  etc, 
for  a  length  of  time  depending  upon  the  depth  to  which  the  carbon 
is  re<[uircd  to  (Kuietrate.  After  cooling,  the  articles  are  reheated  to 
about  800*  C.  and  hardened  by  quenching  in  water.  Caae-hardening, 
imlcss  carefully  carried  out,  is  apt  to  cause  cracks  and  also  to  distort 
the  miiss  of  metal.  Wrought-iron  and  mild  steel  journals  of  laxge 
diameter  are,  conseciuently,  seldom  case-hardened. 

Whenever  very  hard  surfaces  are  made  use  of  for  bearings,  it  is 
necessary  to  accurately  grind  the  case-hardened  surfaces  to  ensure 
contact  over  the  whole  area. 

Chilled  Cant  Inm.  — For  slide-blocks  and  slides,  chilled  cast-iron 
surfaees,  ground  true,  arc  even  more  suitable  than  those  of  steel  or 
case-hardened  iron.  Here  the  hardening  effect  is  produced  by 
casting  the  fluid  iron  into  massive  metal  moulds  or  'chills,'  the  sides 
of  which  are  previously  coated  with  a  clay  wash  to  prevent  the 
existing  adhering  to  them.  In  this  way  the  cast  metal  is  rapidly 
cooled,  the  grapliite  is  prevented  from  separating  from  the  iron,  and 
the  chilled  portion  of  the  casting  becomes  extremely  hard,  and,  if 
broken,  shows  a  silvery  fracture.  In  the  cooling  process,  however, 
the  cjisting  is  much  distorted.  To  remedy  this,  the  pattern  must  be 
made  of  such  a  shape  that  the  cooling  effects  shall  draw  the  casting 
into  the  rocjuired  form.  To  reduce  the  risk  of  fracture,  it  is  custom- 
ary to  make  chilled  surfaces  in  loose  pieces,  which  can  be  bolted  to 
the  frame  of  the  machine  or  to  its  moving  parts. 

Cast  Iron. — Excellent  bearing  surfaces  are  made  of  unchilled  grey 
cast  iron.  The  only  objection  that  can  be  urged  against  this  metal 
is  that  it  is  rather  brittle,  especially  when  heated  by  friction.  It 
not  only  works  well  in  contact  with  steel  or  wrought  iron,  but  also 
against  itself.  Even  when  heated  it  does  not  seize  readily,  the 
surfaces  grinding  to  powder  and  remaining  free  to  slide  over  each 
other  so  long  as  any  solid  material  remains.  On  this  .account  it 
answers  wx»ll  for  steam  cylinders,  in  which  the  lubrication  is  apt,  at 
times,  to  he  very  imperfect.  Loose  pieces  are  not  reipiired,  for  the 
barrel  and  valve  faces  are  merely  machined  portions  of  the  casting. 

Tlie  suitiibility  of  cast  iron  for  bearing  surfaces  arises,  no  doubt, 
in  a  great  mcjusure  from  the  presence  in  the  iron  of  jmrticles  of 
graphite,  and  to  its  jwrous  surface,  into  which  the  lubricant  insinuates 
itself.  Sometimes  powdered  solids,  such  as  plumbago,  are  used  as 
lubricants  for  cast-iron  surfaces,  the  powder  being  dusted  upon  the 
exposed  portions  of  the  nibbing  surfaces. 

Bronze. — In  the  majority  of  instances,  the  material  of  which  a 
bearing  is  made  must  not  only  differ  in  melting-point  and  hardness 
from  that  of  the  surface  against  which  it  rubs,  but  it  must  also  be 
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sufficiently  strong  and  tough  to  withstand  heavy  blows  and  great 
stresses  without  fracture.  Copper,  although  it  possesses  a  high 
malleability,  softness,  ductility,  toughness  and  tenacity,  is  not  a  suit- 
able metal  of  which  to  make  bearings,  for  it  can  only  with  difficulty 
be  made  to  produce  sound  castings,  and  is  too  tough  and  close- 
gmined  to  be  easily  shaped  in  a  lathe.  Copper  is,  therefore,  alloyed 
with  other  metals,  forming  bronzes  and  brasses  of  various  kinds. 

The  metals  generally  added  are  tin,  lead,  and  zinc,  but  other 
elements,  such  as  phosphorus,  arsenic,  antimony,  bismuth,  manganese, 
and  iron,  may  occur  as  essential  or  accidental  constituents  of  the 
alloy. 

The  term  *  bronze '  should  be  restricted  to  alloys  composed  chiefly 
of  copper  and  tin.  *  Gun-metal '  is  a  bronze  containing  90  parts  of 
copper  to  10  parts  of  tin.  One  or  two  per  cent,  of  zinc,  or  a  small 
amount  of  phosphorus,  is  usually  added  to  the  metal  before  casting, 
to  remove  oxide  and  promote  soundness.  When  phosphorus  is  used, 
the  alloy  is  known  as  *  phosphor  bronze.*  Bronzes  used  for  bearings 
and  friction  surfaces  sometimes  contain  as  much  as  18  to  20  per  cent, 
of  tin.  The  tin  confers  hardness  and  strength  upon  the  alloy  in 
proportion  to  the  amount  present;  it  reduces  the  coefficient  of 
friction  and  enables  a  heavier  load  to  be  carried. 

Lead  bronzes  are  produced  by  the  addition  of  lead  to  copper-tin 
alloys.  The  lead  does  not  alloy  with  the  copper  and  tin,  and  unless 
proper  care  be  tiiken  in  casting  it  will  sepjirate  out,  but  by  well 
stirring  the  molten  metal  and  by  pouring  it  at  not  too  high  a 
temperature,  so  that  it  will  solidify  quickly  in  the  mould,  the  lead 
remains  diffiised  throughout  the  alloy  and  confers  upon  it  valuable 
properties.  Although  it  weakens  the  bronze,  it  greatly  increases  its 
plasticity  and  reduces  the  amount  of  wear.  The  behaviour  of  lead 
bronzes  for  bearings  was  carefully  studied  several  years  ago  by 
Dudley,^  who  obtained  the  results  given  in  Table  XCIII. 

Table  XCIII.— Relative  Wear  op  Bronze  Bearings  (Dudley). 


Composition. 


Alloy  tested. 


Standard   lead  (phas- 1 
plior)  bi-onze,    .         / 
Ordiimry  bronze, 
Arsenic  bronze  A, 
Arsenic  bronze  B, 
Arsenic  bronze  C, 
Bronze  *  K,' . 
Bronze  *  B,' . 


Copper. 

1 

Tin. 

'  79-70 

10-<K) 

87-50 

12-50 

89-20 

1000 

82-20 

10-00 

79-70 

10-00 

1  77-00 

10-50 

77-00 

8-00 

9-50 


7-00 

9-50 

12-50 

1500 


Arsenic. 


08-0 
0-80 
0-80 


Relative 
Wear. 


»  Jour  Franklin  Inst.,  1892,  pp.  81-93  and  161-\1*I, 
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The  method  of  experiment  was  to  take  a  certain  number  of  bear- 
ingK  made  of  the  standard  alloy,  and  an  eqnal  number  made  of  the 
experimental  alloy,  and  to  place  these  on  locomotive- tender  or  car 
axles  in  pairs,  a  standard  and  an  experimental  bearing  being  placed 
on  opiK>site  ends  of  the  same  axle.  The  relative  rates  of  wear  were 
jiKcertiiined  by  weighing  the  bearings  at  intervals.  The  *  ordinary 
bronze '  not  only  wore  half  as  fast  again  as  the  standard  lead  bronze, 
but  a  much  larger  percentage  of  the  bearings  made  of  it  heated. 
Arsenic  gave  the  same  results  as  phosphorus.  These  elements  merely 
promote  sound  castings ;  they  were  found  to  have  no  marked  influence 
ujKjn  the  rate  of  wear.  Increasing  the  percentage  of  lead  still  further 
reduced  the  rate  of  wear,  as  shown  by  the  alloys  *  K '  and  *  B.' 
Bronze  *  B '  had  a  tensile  strength  of  10*6  tons  per  square  inch, 
with  11  per  cent,  elongation,  whilst  the  standard  lead  (phosphor) 
bronze  had  a  tensile  strength  of  13  tons,  with  6  per  cent,  elongation. 
Dudley  concluded  from  his  experiments  that  "  the  alloy  which  can 
endure  the  greatest  amount  of  distortion  without  rupture  will  give  the 
best  results  in  wear."  In  other  words,  plasticity  combined  with  the 
necessary  strength  is  the  quality  to  be  sought  after.  Another  desirable 
feature  in  a  bearing  metal  is  a  finely  granular  structure,  which  tends 
to  reduce  the  size  of  the  particles  which  are  torn  off  by  the  friction. 

More  recently,  Clamer  *  has  confirmed  and  extended  the  work  of 
Dudley.  He  used  a  specially  designed  friction- testing  machine,  with 
test-bearings,  measuring  3^  inches  x  ^  inch,  which  could  be  readily 
weighed.  In  each  experiment,  the  journal  (3  J  inches  in  diameter)  made 
100,000  revolutions  at  a  speed  of  525  revolutions  per  minute,  the  same 
pressure  (1000  lbs.  per  square  inch),  oil,  and  method  of  lubrication  be- 
ing used  throughout.  It  was  found  that  the  rate  of  wear  diminished, 
though  the  friction  and  temperature  increased,  as  the  percentage  of 
tin  in  the  bronze  was  decreased  and  the  percentage  of  lead  increased 
(see  Table  XCIV.). 


Tablk  XCIV. — Relative  Friction  and  Wear  of  Lead  Bronze 

Bearings  {CUimer), 


1 
2 
3 

4 
T) 
f) 

7 
8 

9 


Copper. 

Tin. 
14-9() 

Lead. 

Friction, 
lbs. 

Temperature 
above  room.  'F. 

1 

1          Wear 
>       ill  Grms. 

1 

8r)-7G 

•  •  • 

13 

50 

•2800 

90(>7 

9-45 

13 

51 

•17(58 

9501 

4-95 

•  •  • 

16 

52 

•0776 

90-8-2 

4-()2 

4-82 

14 

53 

•0542 

85-1 2 

4fU 

10  04 

18.\ 

56 

•0:i80 

81-27 

5-17 

14-14 

18? 

58 

0327 

75? 

5? 

20? 

18| 

58 

•0277 

(J8-71 

5-24 

26-()7 

18 

58 

•0204 

64-34 

4-70 

1 

1 

31-22 

18 

64 

•0130 

Jour.  Franklin  Inst.,  1903,  pp.  49-77. 
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In  order  to  prevent  acgregation  of  lead  in  tho  mould  when  casting 
the  alloys  containing  more  than  15  per  cent,  of  lead,  it  waa  found 
nocesBary  to  keep  the  tin  below  6  or  6  J  per  cent. ;  and,  even  then,  some 
scgregittion  took  place  unleas  great  care  was  taken  to  pour  the  metal 
at  the  proper  temperature.  Tlie  addition  of  J  to  1  per  cent,  of 
nickel,  however,  was  found  to  wmse  more  rapid  aoUdifieation  of  the 
alloy,  and  enabled  good  castings  to  bo  more  easily  obtained. 

According  to  recent  information  kindly  supplied  by  Dudley,  the 
alloy  known  as  'Ex.  B  metal,'  which  containa  15  per  cent,  of  lead, 
is  still  used  on  the  I'ennsylvania  Railway,  and  has  proved  to  be  a 
very  satisfactory  bearing  metal.  It  withstands  hammering  nearly 
as  well  aa  the  standard  '  S '  bearing  metal  of  the  Phosphor  Bronze 
Co,  The  plastic  bronze  of  the  Ajai  Metal  Company,  containing 
much  more  lead,  is  largely  used  in  the  United  Staten,  and  has  been 
found  to  give  excellent  results  for  locomotive  driving-box  shells, 
where  it  is  well  supported,  and  also  for  ordinary  ear  bearings.  It 
has,  however,  been  found  that  the  journals  wear  a  little  faster  the 
higher  the  percentage  of  lead  in  the  bearing  metal. 

Manganese  bronzes,  both  with  and  without  zinc,  are  made  by 
introducing  a  proportion  of  ferronianganese  into  bronze  or  brass.  A 
variety  free  from  zinc,  which  lias  great  strength  and  tfiughness,  baa 
been  used  for  very  large  bearings.  Great  strength  and  toughness  has 
also  been  secured  by  adding  aluminium  in  small  proportion. 

Bronzes  of  various  qualities  are  very  extensively  used  for  bearings, 
working  both  with  and  without  lubricants.  In  many  cases,  such  a^ 
where  the  alloy  works  against  the  bearings  of  cant-iron  rolls,  the 
heat  resulting  from  excessive  friction  is  prevented  from  raising  the 
temperature  unduly  by  a  stream  of  water.  Bronzes  are  also  used 
for  bearing  surfaces  working  against  steel  and  iron,  when  the  load  is 
not  excessive  and  fluid  lubricants  are  used,  also  for  steam  engine 
slide-valves  working  against  cast-iron  surfaces,  especially  when  the 
load  resulting  from  the  steam  pressure  is  great.  Bronze  and  cast-iron 
surfaces  uro  very  hard  and  unyielding,  and,  unless  the  surfaces  are 
very  true  and  run  accurately  upon  each  other,  they  are  apt  to  bind 
heavily  in  places  and  cause  overheating,  more  especially  if  non-oily 
or  non-greasy  lubricanta  are  used. 

When  zinc  is  substituted  for  tin,  the  alloy  is  a  brass.  For  bearing 
surfaces  brass  is  by  no  means  so  good  as  bronze.  Nevertheless,  as 
zinc  is  much  cheaper  than  tin,  and  brasses  are  less  expensive  than 
bronzes,  they  are  much  used  in  cases  where,  owing  to  the  load  being 
light,  strength  and  ductility  are  of  secondary  importance.  Zinc 
must  not  be  added  to  lironzes  containing  lead,  as  it  increases  the 
friction  and  also  tho  rate  of  wear  of  the  bairiog. 

In  Table  XCV.  the  percentage  composition  is  given  of  a  number  of 
bronzes  used  for  bearings. 

The  strength  and  efficiency  of  a  bearing  depends  upon  the 
striicture  of  the  metal  it  is  made  of  quite  as  much  aa,  if  not 
more  than,  upon  its  chemical   composition,  and   a   good   strur 
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Table  XCV.— Cohpobition  op  Brovzbb  uskd  for  Beabikos. 
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is  depciuleiit  upon  careful  foundry  practice.  Job,'  who  has  paid 
a  gru;it  dual  of  uttciitioii  to  the  cauites  of  hot  beariugs  in  railway 
work,  found  that  the  main  cftiiMCH  which  led  to  heating  were:  (1) 
Segregation  of  the  iiietalM  composing  the  alloy  ;  (2)  coariie  crystalline 
structure  ;  and  (3)  dross  or  oxides  and  gas  cavities  in  the  metal. 

ycgregation  was  found  to  be  due  in  many  eases  to  an  attempt  to 

alloy  the  luetalw  iu  improper  proportions,  notably  to  the  use  of  excess 

of  lead  with  ordinary  foundry  practice,  resulting  iu  liquation  of  |>art 

of  the  lead  and  often,  also,  the  separation  of  part  of  the  copper  as 

>  Jour.  FrtmkHalnst.,  cilii.  (ISOO),  pp.<3e-450. 
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'  copper  spotu.'  Pouring  the  metal  too  rapidly,  at  too  high  a  tempera- 
ture, is  a  very  frequent  caiiae  of  eegregation  mid  coarse  crjstallizatioD, 
since  the  metal  then  remains  molten  too  long  in  the  mould,  giving  time 
for  alloys  of  dilfcrcnt  composition  to  crystallize  out  separately,  tending 
to  produce  surfaces  of  unequal  hardness  and  heat^capacity,  which 
localizes  friction  and  ultimately  results  in  excesaive  heating.  A  6ne- 
grainedand  practically  uniform  atnictiu'e  maybe  obtained,  even  with 
a  mixture  of  metals  which  do  not  truly  alloy,  by  comparatively  slow 
pouring,  so  that  the  metal  'solidifies  as  soon  as  possible  after  it  has 
entered  the  mould,  but  not  pouring  too  slowly,  as  this  leads  to  the 
formation  of  'shot'  in  the  bearing,  through  the  freezing  of  the 
metal  before  it  has  flowed  completely  into  the  mould.  The  proper 
rate  of  pouring  must  be  determined  by  experiment, 

The  coarse  crystalline  structure  often  seen  in  defective  bearings  was, 
in  some  cases,  found  to  be  due  to  the  composition  of  the  alloy, 
antimony  especially  tending  to  produce  it.  In  many  cases,  it  resulted 
from  rapidly  pouring  the  metal  at  too  high  a  temperature,  and  often 
it  was  traced  to  an  eicess  of  phosphorus,  silicon,  or  other  deoxidising 
agent.  A  coarse  structure  is  detrimental  in  two  ways.  It  tends  to 
localize  friction,  and  secondly,  by  decreasing  the  ductility  and 
tensile  strength  of  the  metal,  it  causes  an  excessive  rate  of  wear,  for 
it  has  been  proven  liy  different  experimenters  that,  with  a  given 
tensile  strength,  rapidity  of  wear  increases  with  brittleness. 

Another  very  common  defect  in  the  bearings  was  the  presence  of 
droes  or  oxidized  metal,  and  of  large  amonnt«  of  occluded  gaa.  The 
former,  by  abrading  the  journal,  causes  increased  friction  and  heating ; 
the  tatter,  by  reducing  the  area  of  the  bearing  surface,  increases  tiie 
pressure  and  the  wear  and  tear.  Dross  causes  the  metal,  unless 
raised  too  highly  in  temperature,  to  pour  sluggishly  in  casting,  and 
it  also  prevents  clean  and  sharp  castings  from  being  obtained.  This 
sluggishness  can  be  entirely  cured  by  the  chemical  action  of  any  good 
deoxidizing  material.  Thus,  a  small  amount  of  phosphorus  (prefer- 
ably added  as  phosphor-copper)  causes  a  marked  increase  of  fluidity, 
and  imparte  to  the  metal  a  much  denser  microscopical  slructure,  as 
well  as  greater  strength  and  ductility.  Phosphor  bronxe  is  noted  fur 
its  fluidity,  closeness  of  structure,  strength  and  wearing  qualities,  pro- 
vided it  does  not  contain  excess  of  phosphonia.  Excess  leads  to  the 
formation  of  a  network  of  crystalline  metallic  salts,  which  increases 
with  repeated  remelting,  until  finally  the  metal  is  more  defective 
than  if  no  deoxidalion  has  l)een  attempted.  Excess  of  silicon  leads 
to  similar  results. 

The  action  of  itinc  in  producing  souud  castings  has  lung  been 
known,  but,  as  Dudley  pointed  out  in  1892,  the  amount  of  zinc  added 
should  not  be  more  than  1  or  2  per  cent.  Any  excess  left  in  the 
alloy  tends  to  cause  weakness,  and  to  decrease  both  tonsile  strength 
and  ductility,  lu  lai^e  r.ulway  foundries,  'yellow  brass'  is  apt  to 
accumulate  in  the  scrap  heap,  and  if  much  of  such  metal  be  added  tn 
the  pot  a  considerable  proportion  of  zinc  may  be  introduced  into 
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mixture,  and  comparatively  rapid  wear  result  Such  jellow  metal 
should  be  kept  separate,  and  only  added  in  just  sufficient  amount  to 
each  pot  to  introduce  the  requisite  proportion  of  zinc.  Zinc  alone 
does  not,  however,  effect  complete  deoxidation,  and  Job  considers  it 
dcsimble  to  add  also  a  very  little  silicon  (in  the  form  of  silicon  copper) 
after  adding  the  8i)elter  or  yellow  metah  In  this  way  a  very  close- 
gniined  and  ductile  metal  is  obtained  at  a  moderate  cost.  The  amount 
of  silicon  needs  to  be  very  carefully  regulated,  in  order  to  avoid  the 
partial  crystallization  caused  by  excess. 

Very  carefully  conducted  experiments  made  by  placing  bearings  of 
practically  the  same  composition,  but  differing  widely  both  in  tensile 
strength  and  ductility,  upon  opposite  ends  of  the  same  axles,  have 
invariably  shown  that  increase  of  strength  and  ductility  result  in 
increased  life  of  the  bearings,  confirming  the  observations  of  Dudley. 
An  instance  is  given  in  which  eight  bearing  brasses,  each  composed 
of  copper-tin-lead  mixtures,  were  placed  under  tenders  of  fast 
passenger  locomotives,  one  bearing  of  each  set  being  placed  upon  one 
end  of  each  axle.  All  the  bearings  were  practically  of  the  same 
chemical  composition,  but  one  set  had  a  tensile  strength  of  about 
16,500  lbs.  per  sc^uare  inch,  with  an  elongation  of  about  6  per  cent., 
whilst  the  other  set  had  a  tensile  strength  of  about  24,000  lbs.,  with 
an  elongation  of  about  13  per  cent.,  the  difference  being  due  to  the 
fact  that  in  the  one  case  the  metal  was  porous,  whilst  in  the  other  it  was 
thoroughly  deoxidized,  close-grained,  and  homogeneous.  The  defective 
set  of  brasses  wore  35  per  cent,  more  I'apidly  than  the  others. 

In  the  foregoing  remarks,  bronzes  and  brasses  have  been  considered 
as  friction  surfaces,  but  it  is  now  frequently  the  practice  to  coat  the 
surfaces  of  bearings  with  white,  so-called,  *  antifriction  alloys,'  which 
form  the  friction  surface.  The  bronze  or  brass  part  of  the  bearing 
then  becomes  merely  a  support  for  the  white-metal,  and  its  composi- 
tion has  no  influence  upon  the  friction.  Such  bearing  brasses  can 
frequently  be  made  from  scrap  metal,  a  suitable  composition  being : — 

Coj)per, 84 

Tin, 10 

Lead, 2 

Zinc, 4 


100 


but  the  exact  compasition  is  of  secondary  importance,  so  long  as  the 
requisite  strength  is  obtained. 

Hliitf'-  Metals. — Anti-friction,  or  white  metals,  are  white  alloys  of 
tin,  antimony,  lead,  copper,  zinc,  etc.  It  is  seldom  that  more  than 
three  of  these  metals  are  used  in  any  one  mixture.  White  metals,  some- 
times known  as  white  brasses,  are  now  largely  used,  owing  to  the 
comparative  ease  with  which  they  can  be  scraped  down  to  form  smooth 
and  polished  surfaces,  and  the  satisfactory  way  in  which  by  their  use 
tlic  friction  is  kept  low  imder  conditions  which  do  not  admit  of  perfect 


THE   DI':81GfI   AND   LUBRICATION   OF   BKABINGS. 


385 


lubrication.  This  is  partly  owing  to  their  plaatiu  nature,  whiuli 
enubles  these  alloys  under  pressure  b>  mould  themselves  to  the  form  of 
the  joumni  nnd  tlius,  by  increasing  ta  the  maximum  the  aren  of  the 
surfaces  in  contact,  to  distribute  the  load  more  equally  over  the  bear- 
ing. Such  bearing  surfaces  are  also  more  economical  than  thoHe 
made  of  bronze,  for  the  metal  removed  by  wear  can  be  replaced  at 
very  small  coat,  and  without  destroying  the  bronze,  brass,  orcasMron 
step  of  which  it  forms  the  nibbing  surface. 

The  use  of  white-metal  also,  in  many  cases,  enables  mineral  liibri- 
oants  delieient  in  oiliness  to  be  used  in  plaoe  of  the  more  costly  fixed 
oils.  The  mineral  oil  of  Pechelbronn,  for  instanoe,  was  fonnd  very 
satisfactory  when  used  in  connection  with  white-metal  on  the  Eastern 
Railway  of  France,'  where  it  waa  tried  for  high-speed  railway  vehicles. 
Not  only  was  a  great  pecuniary  saving  effected  by  using  this  oil  as  a 
lubricant  in  conjunction  with  whito-metal,  but  the  number  of  heated 
axles  was  reduoed  in  the  proportion  of  about  7  to  1.  At  a  later 
period'  it  was  found  by  the  same  railway  company  that  with  a 
certain  type  of  boxes  those  provided  with  white-metal  bearings 
became  heated  thirty-seven  times  less  frequently  than  those  having 
bronze  bearings.  The  decrease  in  the  number  of  hot  boxes,  for  the 
same  type  of  Iwxes,  resulting  from  the  substitution  of  white-metal  for 
bronw,  varied  from  year  to  year,  but  the  statistics  always  indicated 
a  decided  advantage  in  favour  of  white-metal.  On  the  Paris- 
Lyons  and  Mediterranean  Kailway,  it  was  found  that  the  substitution 
of  white-metal  for  bronze  in  the  case  of  coal  trucks,  fully  loaded 
and  forming  trains  of  300  tons  moving  at  a  speed  varying 
between  37  and  43  kilometres  per  hour,  gave  a  diminution  of  friction 
of  20  per  cent.  The  white-metal  bearings  became  heated  less 
frequently  than  those  of  bronze,  and  wore  less  rapidly.^ 

The  general  practice  is  to  cast  recesses  in  the  surfaces  of  l)caring8 
of  the  ordinary  form,  fill  them  with  the  white  alloy,  and  then  tool  and 
scrape  the  surfaces  so  as  to  fit  the  shafts  or  journals  they  are  to  work 
upon.  (Jenerally  speaking,  the  bearing  block  or  '  brass '  is  made  of  a 
tough  bronze  ;  tor  marine  work,  however,  cast  iron  is  now  largely  used. 
The  white-metal  is  let  into  the  surface,  in  longitudinal  or  diagonal 
strips  which  stand  a  little  '  proud  '  of  the  cast  iron.  This  gives  the 
shaft  a  chance  of  iiuickly  producing  a  true  smooth-bearing  surface, 
which,  as  it  wears,  allows  the  shaft  to  slowly  put  a  good  face  on  the 
cast  iron  as  well.  The  initial  process  of  producing  a  good  face  should 
be  effected  under  easy  conditions  of  running,  so  as  to  avoid  over-heat- 
ing. Being  porous,  the  cast-iron  surface  is  easily  contaminated  by 
small  flakes  of  white-metal,  which,  to  some  extent,  act  as  lubricants. 
If,  from  any  cause,  a  bearing  of  this  description  should  become  over- 
heated and  the  white-metal  melted  away,  then  the  surfaces  of  the 
cast-iron  ribs  carry  the  load ;  and,  if  the  bearing  he  kept  cool  by 

■  tlei'iK  Ofn^aU  da  Chemina  dt  Per,  April  1SS5,  \i.  2lfl. 
*  Bull.  Tnitmat.  Cvmmvt.  B'j.  Congrta,  1896. 
"  Renu  Oinirah  des  Cktmim  de  Per,  1894. 
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directing  a  stream  of  cold  water  upon  it,  the  engine  need  not  be 
stopped  until  a  favourable  opportunity  occurs. 

To  ensure  the  adhesion  of  the  white-metal  to  the  bearing,  the 
brass,  bronze  or  cast-iron  surface  must  first  be  thoroughlj  cleaned 
and  tinned.  Brass  and  bronze  bearings  can  be  most  readily  cleaned 
by  dipping  or  pickling  for  a  short  time  in  nitric  acid  (aqua  fortis), 
or  in  a  mLicture  of  this  with  sulphuric  acid  (oil  of  vitrol)  and  water, 
afterwards  well  swilling  with  water  to  remove  the  acid;  or  the 
articles  may  be  scraped  and  filed  clean.  Old  bearings  which  need 
remetalling  must  first  be  boiled  with  caustic  soda  solution,  or  cleaned 
with  petroleum,  to  remove  oil  and  dirt.  The  clean  and  bright 
metallic  surface  must  then  be  heated  and  well  tinned  with  pure  tin 
or  white-metal,  using  zinc  chloride  ('killed  spirit  of  salt')  or 
sal-ammoniac  as  a  fiux,  and  wiping  off  with  tow.  Cast  iron  is  best 
cleaned  with  emery  cloth,  after  all  grease  has  been  removed,  and 
tinned  with  sal-ammoniac.  With  a  lump  of  sal-ammoniac  and 
plenty  of  tin  or  white-metal,  there  is  little  difficulty  in  getting  a 
well-tinned  surface  on  cast  iron,  provided  it  is  clean  and  free  from 
grease. 

As  white  metals  liquefy  at  about  440*  to  480'  F.,  they  may  be 
melted  in  ordinary  ladles  and  run  directly  into  the  recesses  prepared 
for  them,  the  journal  or  shaft  side  of  the  mould  being  outlined  by  a 
suitable  loose  iron  block.  As  some  of  these  alloys  do  not  adhere 
very  well  to  the  walls  of  the  recesses  prepared  for  them,  the  support- 
ing edges  of  the  latter  should  be  bevelled  in  such  a  way  that  the 
soft  alloy  is  mechanically  held  in  position. 

In  melting  white  metals  they  must  not  be  overheated,  as  they 
readily  oxidize  on  the  surface,  and,  if  hard  particles  of  the  oxide  or 
dross  thus  foriued  become  enclosed  in  the  cast  metal,  the  friction  is 
increased  and  the  bearing  is  very  likely  to  run  hot.  Some  oxidation 
is  unavoidable,  and,  therefore,  care  must  always  be  taken,  when 
pouring  the  metal,  not  to  allow  the  dross  or  any  other  foreign 
substance  to  enter  the  mould.  When  white-metal  becomes  dirty  or 
pasty  through  being  kept  melted  and  used  for  some  time,  a  small 
piece  of  rosin  or  tallow  stirred  into  it  will  assist  the  dross  to  rise  to 
the  surface,  when  it  may  be  skimmed  off. 

In  casting  antifriction  alloys  on  to  a  bearing,  the  latter  shoidd  he 
heated  to  about  200"  F.,  and  the  metal  should  be  poured  at  a 
temperature  sufficiently  high  to  keep  it  fluid  (say  500  to  600*  F.) 
and  not  higher.  If  poured  too  hot,  or  on  to  too  hot  a  surface,  the 
solidification  of  the  alloy  takes  place  slowly,  and  a  coarse  crystalliza- 
tion results,  which  is  detrimental  to  cool  running.  Neither  should 
the  bearing  on  to  which  the  metal  is  cast  be  too  cold.  Thus  Behrens  ^ 
cast  the  same  white-metal  around  (1)  a  red-hot  core,  (2)  a  hollow 
core  cooled  by  running  water,  and  (3)  a  core  heated  to  100'  C. 
(212'  F.).  When  tested  on  a  mandrel  of  polished  steel  revolving  at 
high  speed,  the  white-metal  blocks  cast  round  the  red-hot  and  cold 

^  MetaXlographid,  1900,  p.  4. 
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cores  heated  much  more  rapidily  than  the  block  cast  round  the 
moderately  heated  core.  It  was  observed  that  the  surface  of  the 
latter  block  developed,  as  a  result  of  the  friction,  a  relief  pattern, 
due  to  the  structure  of  the  metal,  which  helped  to  retain  the  lubri- 
cant. It  was  also  noticed  that  the  oil  became  charged  with  minute 
spheroids  of  white-metal  rubbed  oflf  the  surface  of  the  block,  which 
were  considered  by  Behrens  to  play  a  not  unimportant  part  in 
reducing  the  friction. 

In  Table  XCVI.  the  composition  is  given  of  a  large  number  of 
white  antifriction  alloys  which  have  been  introduced. 

As  might  be  expected  from  the  great  variations  in  their  com- 
position, white  metals  vary  greatly  in  the  extent  to  which  they 
reduce  the  coefficient  of  friction,  and  also  in  their  toughness  and 
hardness.  The  soft  varieties  when  clean  and  working  against  iron 
or  steel  at  exceedingly  low  speeds,  give  high  coefficients  of  friction, 
but  the  heat  produced  is  so  small  and  the  adhesion  of  the  rubbing 
surfaces  so  slight  that  no  injury  is  done  to  them.  Should  the 
pressure  be  locally  heavy,  the  metal  is  merely  flaked  off,  or  flattened, 
the  load  relieved,  and  the  surface  burnished.  On  this  account, 
white-metal  bearings  are  indispensable  for  certain  purposes ;  as,  for 
instance,  when  the  shaft  resting  on  the  bearing  cannot  be  made  to 
run  quite  accurately. 

As  an  illustration  of  the  extent  to  which  these  soft  metals  reduce 
the  friction  when  working  on  hard  steel  at  ordinary  speeds  without 
unguents,  we  may  instance  the  case  of  Magnolia  metal.  R.  H.  Smith 
states  that  when  running  with  pure  water  instead  of  a  true 
imguent  the  coefficient  is  as  low  as  0*03,  the  load  being  about  400  lbs. 
per  square  inch.  With  brass,  under  similar  conditions,  the  friction 
is  five  times  as  great. 

When  the  pressures  per  square  inch  are  great,  or  the  bearings  are 
subjected  to  severe  shocks,  very  hard  mixtures  are  required.  Soft 
metals  under  such  circumstances  suffer  severely,  their  surfaces  being 
rubbed  off"  in  flakes. 

According  to  Dewrance,  very  little  lead  or  zinc  should  be  contained 
in  white  metals  which  have  to  be  lubricated  with  oils  containing  free 
fatty  acids,  as  these  acids  form  soaps  very  readily  with  the  two 
metals  named,  and,  therefore,  corrode  badly.  Tin  is  not  attacked  so 
readily,  and  the  safer  plan  is  to  use  an  alloy  composed  principally  of 
this  metal. 

It  will  be  noticed  that  most  of  the  white  metals  given  in  Table 
XCVI.,  p.  388,  contain  antimony.  This  metal  has  the  important 
property  of  preventing  the  mass  from  shrinking  much  upon  solidi- 
fication, or  of  actually  causing  it  to  expand  and,  therefore,  fill  the 
cavity  in  which  it  is  run.  When  present  in  the  alloy  in  large  pro- 
portion, it  makes  the  mixture  very  hard  and  brittle.  The  hardening 
eflbct  is,  however,  generally  obtained  by  the  use  of  tin  and  zinc, 
toughness  by  copper,  and  softness  by  lead.  Zinc  does  not  alloy  wi" 
lead  in  all  proportions,  and  it  will  be  found  that  these  metals 
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Taiile  XC VI. —White  Antifriction  Allots. 


I>i*M*riiiUon. 


A meri/vn  llailteaun. 


Tin.  Aptimony.  Leail.  0(q>pcr.'Zlnc. 


Other 
Elements. 


Aothorily. 


K4>ariiif{  iiutal,  I'eitn.  Ky.,    

Pac'kintc  riiiK  metal,  Peim.    &'S3 
Ry.. 


I 


English  Railwayt. 


Koaring  ineUl.O.  W.  Ry.,  .  ,  670 
Midland  Ry.,  842 
Tail  Vale  Ry., ,  820 


II 
II 


II 
ti 


Dutch  RailicayM. 


BeariiiK    motal,    N.    A    S.  ,81*5 
Holland  Rys., 


French  Raihcapi. 

IloarinR  metal, 

,,  „      Orleans    and 

\\.  AuHtriaii  Ry., 
Valro    rod    and    eccentric 

collar  liearings.  Northern 

Ky., 
BeariiiK  metal.  Western  Ry. , 

Valve    rod    and     eccentric 

collar  l)«ariiip!,  P.L.  &  M. 

Ry.,    Thurston    standard 

whito-niotal. 
Hearing  int'tal, 
Journal  boxes, 
Metallic    packing,    Kastcm 

Ry., 
Metiillic    i>arking.    Orleans 

and  P.L.  AM.ilyB., 
Metnllic  packing,  Nortlieni 

Ry., 

Eccentric  collar  packing,     . 
Metallic    packing,   W'e8U.-rn 
Ry., 


83-4 
82*0  ' 

82-0 


78-0 
71-0 


67() ' 
42-0  I 

■  120 

I 

14-0 

I  12t) 

2<)-u 
31  {)  I 

I 


German  Railtrays. 

Bearing     metal,      PriiHRian    91*0 

Rys., 
Bearing  metal.  Hanoverian  :  87*0 

Rys.,  ; 

Bearing  metal,  Berlin  Rys., .    «3-li 
Higli-8i»eed   axles,  Prussian    74*0 

Rys., 


Ruinian  Rail^eayM. 

Car  l»earing8, . 
Bearing  metal, 


Sm'its  Railicayt. 
Bearing  metal. 


000 
78-6 


80-0 


13-0 
833 


11-0 
10-6 
10-3 


8*8 


11-1 
12-0 

10-0 


12-0 
24-0 


220 

IC'O 

8-0 

100 

15-0 

100 
3-0 


60 

7-5 

110 
16-0 


8-0 
11-6 


10-0 


'  87-0 
I  83*33 


I 


7-0 


I 

■  42-0 
8U-0 

7C-0 

73-0 

70-0 
60-0 


22*0 
6*3 
7*7 


o-e 


5*5 
8*0 

8*0 


4*0 
6*0 

110 


6-0 


3-0 

6*6 

fi-0 
j    11-0 


Dodley. 


tf 


Charpj* 
Ledebnr. 

CI1U19. 


Phosphor 
copper,  4*0 


ft 


Ledebor. 
Chvpy. 


2*0 
10*0 


10*0 


I* 


tt 


»• 
»f 


Behrent. 


•> 


Ledel«r. 
Behrens. 


Thurttin, 


I 


» 


ThmitoB. 
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Table  XCVI. — continued. 


Description. 

Tin. 

Antimony. 

Lead. 

Copper. 

Zinc. 

Other 
Elements. 

Authority. 

Mitcellananu. 

Antifriction  metal, 

061 

•  •  • 

•  •  • 

1-6 

•  •• 

Iron,  trace 

Dudley. 

«»              »i              •       • 

960 

8  0 

•  V* 

40 

•  •  • 

•  •• 

Thurston. 

II              II              •       • 

93-3 

0-9 

0-6 

4-8 

•  •  • 

Bismuth,  0  (\3 

•  a  • 

>i              II              *       * 

73-7 

121 

4*4 

9-8 

•  •  • 

•  •  • 

•  •  • 

Bearing    metal    for    heavy 

90-0 

8-0 

•  •• 

20 

•  «  • 

•  •• 

Hiorns. 

loads, 

II                II 

87-0 

7-0 

■  •  • 

60 

•  •• 

•  •• 

II 

Bearing  metal  for  light  loads, 

86  0 

100 

•  •• 

6-0 

•  •  • 

•  •• 

II 

II                 II 

730 

18-0 

•  •  • 

9*0 

•  •• 

>•  • 

II 

Very  hard  bearing  metal,     . 

12  0 

820 

•  •  • 

4-0 

20 

•  •• 

11 

Antifriction          locomotive 

30-0 

1-0 

•  •• 

4  0 

66-0 

•  •• 

■  •  • 

metal, 

Hard  lead 

•  •  • 

6-0 

94*4 

■  •• 

•  •  • 

•  •  • 

Dudley. 

Antifriction  metal, 

•  •• 

121 

87-9 

•  •• 

•  •• 

•  •  • 

,1 

Car  brass  lining,    . 

•  •• 

16  1 

84-9 

•  •• 

•  •• 

*  *  * 

II 

Antimonial  lead,   . 

•  •  • 

18-8 

80*7 

•  •• 

•  •• 

r  Aluminium, 

II 

•  •  • 

Metallic  packing,  . 

33-3 

0-6 

64*3 

•  •• 

0  15 

■[     002 
1  Iron,  0-01 

■  •  • 

Babbit's  antifriction  metal. 

88*9 

7-4 

•  •• 

37 

•  •• 

«  •  • 

•  •  • 

Cauricedale         antifriction 

61-3 

6-9 

26*2 

6*3 

•  •  • 

Graphite,  nil 

•  •  • 

metal, 

Oewrance's  white-metal, 

611 

12  0 

207 

61 

•  •  • 

•  •• 

•  •• 

Dewrance's           locomotive 

33-3 

44-4 

•  •• 

22*2 

•  •  • 

•  •• 

Hiorns. 

metal, 

Electrioon           antifriction 

5-5 

19-0 

76*6 

... 

•  •• 

•  •• 

•  •• 

metal, 

Fenton's  antifriction  metal, 

14-5 

•  •• 

5*6 

... 

80  0 

•  •• 

Behrens. 

Olyoo  antifriction  metal, 

61 

15-9 

79-1 

•  •  • 

•  •• 

«•• 

•  •• 

Graphite  bearing  metal, 
Hoyle's     alloy     for     pivot 

14-4 

16-7 

67  7 

•  •  • 

•  •  ■ 

Graphite,  nil 

Dudley. 

46*0 

120 

42-0 

•  •  • 

•  •• 

•  •  • 

Uioms. 

bearings, 

Ibis  white-metal,  . 

11-2 

11-4 

77*0 

•  •  • 

•  •• 

•  ■• 

•  •  • 

Jacoby 's  alloy  for  light  loads, 

86-0 

10-0 

•  •  • 

60 

•  •  • 

•  •• 

Ledebur. 

Kingston's  metal,  . 

88-0 

•  •• 

... 

60 

•  •  • 

Mercury,  6*0 

Hiorns. 

Magnolia  metal,    . 

61 

14-6 

79-6 

•  •• 

0-5 

/  Iron,  0*01 
\  Bismuth,  0  4 4 

•  •• 

•  •• 

Aichard's  white-metal, 

98-6 

01 

•  •• 

•  •  * 

•  •■ 

,1        1-4 

•  •  • 

„        plastic  metal. 

770 

12-6 

V2 

9  3 

a  •  • 

•  •• 

•  •• 

Salgee  antifriction  metal,     . 
United     Kingdom   metallic 

9-9 

•  •• 

11 

40 

86*6 

•  •• 

Dudley. 

91-5 

30 

0*9 

4*8 

•  •• 

•  •• 

•  •  • 

packing, 

United      States      metallic  r 
packing,                             \ 

89-0 

4-4 

0-6 

6  6 

•  •• 

■  •• 

•  •• 

8-33 

8*33 

83*33 

•  •  • 

•  • 

•  •• 

Dudley.* 

Vancber's  alloy  for  Journals, 

18-0 

2*6 

4-6 

•  •  • 

750 

•  •  • 

Hiorns. 

Ward's  white-metal,     . 

17-2 

13-4 

68*7 

0*4 

«  •  • 

•  ■  • 

•  •• 

Zero  metal 

22-4 

18-9 

68-9 

•  •• 

•  •  • 

Bismuth,  006 

•  ■  • 

*  New  formula,  used  on  the  Pennsylvania  &.£. 

seldom  present  together  in  alloys.     Tin,  on  the  other  hand,  alloys 
well  with  both  copper  and  zinc. 

The  high  pressures,  and,  consequently,  high  temperatures,  at  which 
steam  engines  now  work  renders  hemp,  or  other  fibrous  packing, 
unsuitable  for  piston-rod  glands,  for  the  fibre  is  charred  by  the  heat 
and  the  packing  loses  its  firmness.  Metallic  packings  arc,  in  con- 
sequence, largely  superseding  vegetable  fibre.  The  following  is  an 
analysis  of  a  packing  which  stood  well  in  the  piston-rod  gland  of  an 
express  locomotive : — 

Lead.  Tin.  Antimony.  Copper. 

2-5  8818  3-51  7*78 
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When  lead  is  used  in  place  of  tin  the  alloy  is  too  soft,  and  the 
metal  is  forced  out  of  the  gland  in  flakes. 

Sometimes  such  alloys  are  placed  in  the  stufBng-boxes,  either  in 
the  form  of  rings  or  solid  segments,  or  they  are  fixed  as  segments  in 
special  frauies  which  are  free  to  move  laterally  so  that  no  undue 
pressure  shall  be  put  upon  the  rubbing  faces  if  the  piston  rod  should 
not  run  (piitc  true.  Such  packings  require  regular  and  good  lubri- 
cation, and  the  piston  rods  must  be  kept  truly  cylindrical,  or  tlie 
metal  will  shell  out  of  the  gland  and  steam  will  escape. 

The  most  extensive  investigations  of  white  antifriction  alloys  have 
been  made  by  Bchrens,^  Charpy,^  and  Baucke,^  from  whose  papers 
the  following  notes  are  taken. 

(>harpy  considers  that  bearing  surfaces  should  be  hard  if  a  low 
coetlicient  of  friction  is  desired,  and  the  harder  the  surface  the 
greater  the  load  which  can  be  carried  before  abrasion  begins  But 
ill  practice,  owhig  to  the  irregularities  in  bearing  surfaces,  contact 
takes  place  at  only  a  small  number  of  points,  where  the  pressure  is 
concentrated,  and  the  wear  and  friction  then  become  excessive. 
Hence  a  plastic  metal  which,  mider  pressure,  can  mould  itself  to  the 
form  of  the  journal  and  increase  the  area  of  the  surface  in  contact  is 
desirable. 

The  results  of  microscopic  examination  show  that  all  the  anti- 
friction alloys  arc  composed  of  hard  grains,  embedded  in  a  plastic 
alloy.  The  load  is  carried  by  the  hard  grains,  which  have  a  com- 
paratively low  coeflicient  of  friction  and  do  not  easily  cut.  The 
plasticity  of  the  alloy  makes  it  possible  for  the  bearing  to  adjust 
itself  closely  to  the  shaft,  thus  avoiding  excessive  local  pressure. 
Sucii  constitution  may  be  produced  in  binary  alloys,  the  hard 
gmins  being  composed  of  a  single  metal  such  as  antimony,  or  of  a 
definite  compound  such  as  zinc  antimonide,  etc.,  but  it  is  preferable 
to  use  ternary  mixtures  because,  owing  to  the  complex  composition 
of  the  *  cement,'  a  constitution  possessing  the  required  qualities  may 
be  more  readily  obtained.  Tiie  constitution  of  bronzes  is  the  reverse 
of  that  of  white  metals.  Instead  of  hard  grains  embedded  in  a 
plastic  eutectic,  they  contain  plastic  crystallites  of  copper  eml^ded 
in  a  hard  eutectic.  Bronze,  therefore,  has  a  greater  tendency  to  cut 
than  the  antifriction  alloys.  When,  from  any  cause,  the  film  of  oil 
becomes  squeezed  out  from  between  the  journal  and  the  bearing,  and 
the  motjil  becomes  heated,  win  to-metal  wears  rapidly  and  may  fuse, 
but  tiie  shaft  is  but  little  affected.  In  the  case  of  bronze  the 
portions  rich  in  copper  adhere  to  the  shaft,  as  already  mentioned, 
forming  a  rough  surface  which  greatly  increases  the  friction. 

Lead  and  antimony  do  not  ccmibine.  The  eutectic  alloy  contains 
13  per  cent,  Sb  and  87  per  cent.  Pb,  and  is  seen  to  be  composed, 
when  examined  under  the  microscope,  of  very  fine  alternate  lamelUc 

^  Das  mikroskopischc  OcfiUje  dcr  Mctallc  utul  Lrgieriingen, 

'^  Bull.  Soc,  d*Encouragcmc)Uy  June  1898,  and  Melallographist,  ii  (1899),  p.  9. 

»  Mctalloffraphist,  iii.  (1900),  p.  4. 
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of  lead  and  ttiitimony.  Other  alloyB  contain  either  free  lead  or  free 
antimony  embedded  in  the  eutectic  alloy.  The  only  alloys  of  lead 
and  antimony  which  can  be  used  in  practice  as  antifriction  metals 
are  those  containing  from  15  to  25  per  cent,  of  antimony;  alloys 
richer  in  lead  are  too  soft,  and  have  a  tendency  to  cut,  whilst  those 
richer  in  antimony  become  brittle  and  are  liable  to  break  under 
a  heavy  load. 

Lead  and  tin  do  not  combine.  Their  alloys  are  always  composed 
of  crystalline  needles,  either  of  lead  or  tin,  embedded  in  a  eutectic 
alloy  containing  about  38  per  cent.  I'b  and  63  per  cent.  Sn.  The 
maximum  compressive  strength  is  found  in  the  eutectic  alloy  itself, 
which  is  the  one  in  which  the  constituent  metals  are  the  most 
finely  divided. 

Autimoiiy  greatly  increases  the  compressive  strength  of  alloys  of 
lead  and  tin.  In  order  to  avoid  brittlencss,  the  proportion  of  anti- 
mony in  the  alloy  should  not  exceed  15  to  IS  per  cent.,  and  to  obtain 
in  these  conditions  as  high  a  compressive  strength  as  possible,  the 
alloy  should  contain  between  16  and  90  per  cent,  of  tin.  All  the 
ternary  alloys  containing  at  least  10  per  cent,  of  antimony  consist  of 
hard  grains,  composed  of  a  compound  of  antimony  and  tin,  embedded 
in  a  eutectic  alloy.  These  alloys,  therefore,  have  a  similar  structure 
to  the  binary  lead-antimony  alloys,  but  the  presence  of  tin  as  a 
constituent  of  the  hard  grains  diminishes  their  hardness  and  also 
their  brittleness,  and,  as  a  constituent  of  the  eutectic  alloy,  increases 
its  compressive  strength.  The  ternary  alloys  are,  therefore,  Charpy 
considers,  superior  to  the  binary  lead-antimony  alloys  as  antifriction 
metals.  The  proportion  of  tin  must  exceed  10  per  cent.,  but  need 
not  exceed  20  per  cent.  The  antimony  may  vary  between  10  and 
18  per  cent. 

According  to  Behrena  and  Baucke,  white  antifriction  alloys  of  tin, 
antimony,  and  copper  (which  always  contain  a  lai^  proportion  of 
tin)  are  composed,  morphologically,  of  minute  malleable  cuboids  of 
SbSflj,  and  brittle  needles  of  CuSn  embedded  in  a  matrix  or  ground 
moss  composed  of  tin  containing  a  percentage  of  cop[>er  and  anti- 
mony which  is  greater  the  more  rapidly  the  metal  has  been  cooled. 
Of  all  the  alloys  examined  by  Charpy,  the  one  possessing  the  greatest 
compressive  strength  without  being  brittle  was  composed  of  Sn 
83'33,  Sb  ll^ll,  Cu  8'65,  and  Charpy  considers  that  the  best  alloys 
should  probably  have  such  a  composition  within  3  or  4  per  cent. 
The  rate  of  coaling  has  a  great  olfect  on  the  size  of  the  cuboids, 
and  the  compressive  strength  is  greater  the  quicker  the  cooling. 

On  adding  copper  to  lead-antimony  alloys  the  copper  is  taken  up 
by  the  antimony,  forming  tlie  compound  SbCii^,  which  crystalliMS 
in  violet-coloured  needles.  The  same  compound  also  forms  a  part 
of  the  eutectic  alloy,  and  the  compressive  strength  of  the  metal 
increases.  If  too  much  copper  be  added,  segregation  bikes  place ; 
the  alloy  then  contains  some  dro[)3  rich  in  copper,  having  the 
ordinary  oonstitutiou  of  copper-antimony  alloys,  in  the  niidab 
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alloy  rich  in  lead  which  solidifies  later  and  exhibits  some  grains  of 
Sb  and  SbCu^.  From  the  fact  that  the  addition  of  copper  to  alloys 
containing  less  than  13  per  cent,  of  Sb  decreases  instead  of  in- 
creiises  the  compressive  strength,  it  follows  that  the  composition  of 
these  ternary  alloys  should  vary  only  within  relatively  narrow  limits. 
Hy  adding  to  alloys  of  lead  and  antimony  containing  from  15  to  25 
per  cent.  Sb  an  amount  of  copper  not  exceeding  10  per  cent.,  it  is 
{)os8ible  to  raise  materially  the  compressive  strength  and  to  produce 
Home  alloys  of  similar  constitution  to  those  of  tin,  copper  and 
antimony.  The  ('hemins  de  fer  de  VE&t  uses  as  metallic  packing  for 
locomotive  and  tender  bearings  an  alloy  containing : — 

Leiid, 66 

Antimony, 25 

Copper, 10 

100 

A  few  of  the  antifriction  metals  given  m  Table  XCVI.  contain  zinc 
jis  a  main  constituent.  Some  of  these  alloys  possess  a  very  high 
compressive  strength,  and  the  tin  largely  neutralizes  the  very  great 
brittleuess  of  the  zinc-antimony  alloys.  They  are  relatively  cheap, 
but  difficult  to  prepare,  owing  to  the  oxidizability  of  the  zinc,  which 
is  said  to  be  exaggerated  in  the  presence  of  antimony. 

Goodman,  who  has  been  engaged  for  several  years  in  the  inves- 
tigation of  antifriction  alloys,  discovered  some  time  ago  that  the 
presence  of  very  small  quantities  of  certain  metallic  *  impurities  *  has 
a  roniarkal)Ie  effect  uix)n  the  friction.^  The  alloys  in  question  were 
composed  of  lead,  antimony,  and  tin.  It  was  found  that  the  addition 
of  0*1  per  cent,  of  aluminium  increased  the  friction  20  to  30  per 
cent.  ;  on  the  other  hand,  if  a  similar  amount  of  bismuth  were  added, 
instead  of  aluminium,  the  friction  was  reduced.  The  curious  observ^a- 
tion  was  made  that  whilst  O'l  per  cent,  of  bismuth  reduced  the  friction 
somewhat,  and  0*2  per  cent,  reduced  it  still  more,  if  0*3  per  cent, 
were  added  the  friction  went  up  again  under  heavy  loads ;  and  by  a 
series  of  experiments  it  was  found,  as  shown  previously  by  American 
exj)erimenters,  that  about  0*25  per  cent,  of  bismuth  gave  the  best 
result ;  from  this  proportion  up  to  about  1  per  cent,  of  bismuth  the 
friction  immediately  became  much  higher  than  it  was  with  the  best 
percentage,  (ioodman  states  that  he  has  found  that  if  the  *  impurity ' 
added  to  the  alloy  be  a  metal  of  smaller  atomic  volume  than  the 
alloy  itself,  the  friction  goes  up,  and  if  it  be  a  metal  of  larger  atomic 
volume,  the  friction  goes  down.  As  the  result  of  long  experience 
and  investigation,  Goodman  informs  us  that  pure  lead  is  one  of 
tlie  best  antifriction  metals  for  bearings  working  under  fairly  constant 
loads  up  to  about  500  lbs.  per  square  inch.  In  the  friction-testing 
machine  illustrated  on  p.  359  the  test  journal  runs  in  cast-iron  bear- 
ings lined  with  lead. 

^  Third  Hcport  to  the  Alloys  Research  CommiiUe  (1896),  p   289. 
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Wood  and  Hitle. — In  spur  and  bevelled  geur  we  Lave  to  deal  with 
line  friction.  Here,  one  set  of  teeth  iu  a  pair  of  wheels  working 
together  is  oiU>\\  made  of  some  hard  and  dense  wood,  sucli  us  crab- 
tree,  honibeam,  locust  or  beecli,  lilted  into  an  iron  frame,  or  centre, 
in  such  a  w&j  that  the  teeth  van  be  taken  out  and  replaced  with  new 
ones  when  much  worn.  Box,  beech,  holl^,  elm,  maple,  oak,  hickory, 
couBWood,  Huakewood  and  liguuni  vitie  are  alao  mneh  in  request  for 
ahuft  bearings,  etc.  Of  thcae,  iJgnum  vitw,  which  will  sustain  very 
great  pressures  without  abrasion,  is,  perhaps,  the  most  valuable,  more 
especially  as  it  works  well  under  water.  Such  bearings  as  those  of 
stern  frame  blocks  and  the  gland  in  a  ship's  side  to  keep  the  water 
from  entering,  have  this  wood  let  into  grooves  cut  into  bushes  of 
bronze.  The  strips  thus  let  in  stand  somewhat  above  the  metallic 
surface,  so  as  to  allow  of  a  free  circulation  of  water,  and  the  grain  is 
placed  at  right  augleo  to  the  rubbing  surface  of  the  shaft.  Lignum 
vitro,  al»o,  is  sometimes  used  for  hydraulic  valve  faces,  pivots,  etc. 
The  circumstance  that  it  works  well  under  water  is  no  doubt  due  to 
the  fa«t  that  throughout  the  cells  forming  the  woody  structure  are 
distributed  resinous  substances  which  act  as  lubricants,  and,  however 
much  it  may  be  abraded,  the  surface  of  the  wood  has  always  a.  smaller 
superficial  tension  than  has  water,  and,  therefore,  is  always  separated 
from  the  metal  by  a  lubricant. 

Rhinoceros  hide  is  also  largely  used  for  gear  wheels,  as  it  wears  well 
with  small  toads  and  runs  silently. 

Olher  Non-metallic  Maieriais. — In  the  case  of  watches  and  very 
light,  contiimously  running  machinery,  which  cannot  be  regularly 
lubricated,  hard  steel  pins  running  npon  agate  or  jewelled  bearings 
give  the  best  results. 

Even  for  large  shafts,  stone  bearings  are  occasionally  adopted.  The 
natural  stones  suitable  for  this  purpose  are  those  which  are  wholly 
free  from  grittinoss,  and  somewhat  inferior  in  hardness  to  iron. 
Uypaiim,  pure  clay  state,  pure  compact  limestone,  marble,  and  silicate 
of  magnesia  or  soapstooe  (the  lust  being  the  best)  arc  those  in  most 
genuml  use.  Many  soft  rocks,  such  as  sandstone,  sandy  limestones, 
and  slates,  are  uot  suitable,  as  they  contain  ci^stals  of  quarts — a  hard 
mineral  which  scratches  and  grinds  down  even  the  hardest  steel.  A 
non-mot&Ilic  material  for  bearings,  called  'adamas,' consist*  of  silicate 
of  magnesia,  ground,  calcined,  moulded  by  hydranliu  pressure  into 
blocks  of  suitable  figures,  and  baked.  The  advantages  tn  be  gained 
frtKn  a  lubrication  jioint  of  view  from  the  use  of  silicate  of  magnesia 
ruMult  from  its  combining  a  certain  grcnaiocss  of  surface  with  a  degree 
of  hardness  sufficient  to  secure  the  reqtusito  durability, 

Several  other  mixtures  of  solids  liavo  been  introduced  which,  it  is 
churned,  nm  well  on  iron  or  steel  without  the    use  of  any  litguid      i 
lubrittuut  wliatevur.     They  almost  all  uontain  graphite,  mixed  with 
some  binding  material. 

At  prutrnt  it  is  only  where,  for  some  reason,  oil  or  other  lubricant 
in    uhjectioiinhle,  that   anvh    antifriction    malena.\&  we    >i*«i,  it'^ 
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(Icsignofl  and  properly  lubricated  surfaces  having  proved  more  reliable 
and  ccononiical. 

A  solid  bearing  for  shafts,  etc.,  called  '  carboid,'  has  been  introduced 
by  Rillingworth  Hedges.  It  is  said  to  consist  of  powdered  carbon 
mixed  with  a  certain  proportion  of  steatite,  with  the  twofold  object 
of  consolidating  the  friable  carbon  and  decreasing  the  friction.  The 
'  car))oid/  which  may  be  fixed  to  the  rough  surface  of  a  casting  by  a 
8|>ecial  cement,  has  been  used  for  machinery  for  fine  fabrics  which 
oil  would  injure,  for  the  bearings  of  steam-heated  cylinders,  and  also 
for  8uch  l)earings  as  cannot  easily  be  lubricated.  Unwin,  who 
determined  its  friction  coefficient,  foimd  that  it  followed  somewhat 
closely  the  laws  of  solid  friction. 

Asl)ostos  is  also  largely  used  as  an  antifriction  packing  for  taps  and 
valves.  It  may  be  compressed  until  it  becomes  dense  and  hard  and 
capaljle  of  carrying  a  very  considerable  load,  yet,  owing  to  its  fibrous 
nature,  it  holds  together  and  forms  a  good  smooth-bearing  surface. 

The  Lubrication  of  Bearings. — Before  proceeding  to  describe  the 
design  and  methods  of  lubrication  of  bearings  it  may  be  useful  to 
give  a  brief  summary  of  the  main  conclusions  arrived  at  in  the 
chapter  on  the  *  Theory  of  Lubrication.' 

Friction  ami  Speed, — It  was  shown  in  Chapter  IV.  that  both  iu 
the  case  of  cylindrical  and  flat  surfaces,  when  the  speed  exceeds 
about  10  feet  per  minute  and  the  lubrication  is  good,  the  resistance 
offered  to  the  relative  motion  of  opposing  surfaces,  owing  to  the 
viscosity  of  the  intervening  lubricant,  is  approximately  proportional 
to  the  square  root  of  the  speed.  At  lower  velocities,  however,  the 
frictional  resisUince  follows  quite  different  laws. 

Although  the  conditions  obtaining  when  the  load  is  small  (10  lbs. 
per  square  inch  in  the  case  of  plane  surfaces  and  50  lbs.  when  the 
bearing  is  cylindrical)  are  interesting  from  a  theoretical  point  of  view, 
such  loads  are  seldom  used  in  practice,  except  with  very  high  speeds. 
We  may,  therefore,  omit  consideration  of  them  here,  and  merely  deal 
with  such  loads  as  have  to  be  placed  upon  ordinary  bearings,  i.e.  those 
which  exceed  40  lbs.  per  square  inch  in  the  case  of  plane  surfaces 
and  100  lbs.  for  journals. 

When  we  have  to  deal  with  well  lubricated  surfaces  and  ordinary 
loads,  the  coefhcient  of  friction  of  rest  is  slightly  less,  to  judge  by 
such  experiments  as  are  available,  than  that  of  very  slow  motion, 
but  with  increjisinjjj  speed  a  maximum  is  soon  reached,  beyond  which 
the  coefficient  of  friction  rapidly  decreases  as  the  speed  rises,  until 
between  10  and  100  feet  per  minute  is  reached.  At  about  10  feet 
per  minute,  if  the  lubrication  be  good,  it  should  be  at  a  minimum. 
Diagram  fig.  24,  page  60,  has  been  drawn  to  show  the  variation  of 
the  coefficient  of  friction  with  change  of  speed. 

Slow-speed  LnhriciUion, — The  oil-films  remaining  between  surfaces 
which  have  been  pressed  together,  without  tangential  motion,  for 
some  time,  are  merely  superficial  tension  films.  They  are  in  all 
cases  exceedingly  Xhin.     Indeed,  so  thin  are  they  that  the  minute 
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irregularities  of  even  polished  surfaces  are  enabled  to  engage  in  each 
other  to  some  extent.  The  greater  the  thickness  of  the  surface  film 
separating  the  solids,  the  greater  the  oiliness  of  the  lubricant  is  said 
to  be.  A  soap  film,  for  instance,  which  has  considerable  oiliness, 
probably  has  a  thickness  somewhat  exceeding  ten  niillionths  of  a 
millimetre,  and  is  stable  in  a  humid  atmosphere. 

Our  knowledge  of  the  thickness  of  lubricating  films,  when  they 
separate  solid  bodies,  is  really  very  incomplete;  but  that  they  are 
extremely  thin,  especially  in  the  case  of  mineral  oils,  is  proved  by 
the  fact  that  there  is  always  considerable  friction  between  even  well- 
polished  surfaces  at  extremely  low  speeds. 

As,  at  very  low  speeds,  the  oil  film  is  not  sufficiently  thick  to  keep 
the  surfaces  apart,  they  abrade  each  other  somewhat,  and  when  this 
is  the  normal  condition  of  working,  they  must  be  made  of  metals 
which  do  not  easily  seize  or  weld  together.  In  such  cases  the  lowest 
coefficient  is  obtained  by  the  use  of  fatty  oils,  which  are  generally 
mixed  with  mineral  oils. 

High-speed  LtibrictUion, — It  has  been  shown  that  when  the  speed 
of  rubbing  is  considerable,  and  the  load  not  too  heavy,  the  manner  in 
which  the  friction  varies  with  changes  of  load,  speed,  and  viscosity  is 
such  as  to  prove  that  it  is  then  wholly  due  to  the  viscous  resistance 
offered  by  the  lubricant  itself  to  motion,  and  is  unaffected  by  the 
nature  of  the  metals  forming  the  rubbing  surfaces. 

The  fact  that  the  friction  is  decreased  by  a  thickening  of  the 
lubricating  film  has  already  been  fully  explained.  As  the  effect, 
however,  is  by  no  means  self-evident,  we  will  illustrate  the  case  by 
reference  to  a  simple  experiment.  A  face  plate  is  flooded  with  a 
reasonably  thick  oil,  and  upon  the  oil-film  is  placed  another  face 
plate  of  smaller  size.  At  the  moment  the  oil  is  inclosed,  the  film  is 
a  thick  one,  and  the  smaller  plate  may  be  moved  about  with  the 
greatest  ease.  As,  however,  the  oil  is  slowly  pressed  out  from  between 
the  surfaces  the  resistance  to  motion  increases  rapidly,  and,  if  the 
upper  plate  be  a  heavy  one,  the  surfaces  will,  in  a  short  time,  close 
together  and  cause  a  still  greater  increase  in  the  friction.  From 
this  it  is  clear  that  the  thinner  the  oil-film  the  greater  is  the  frictional 
resistance,  and  vice  versa. 

When  the  rubbing  surfaces,  whether  plain  or  cylindrical,  are 
maintained  in  constant  and  rapid  relative  motion,  oil  is  forcibly  in- 
truded, and  a  film  is  maintained  between  them  which  reduces  friction 
enormously.  The  object  of  the  engineer  should,  therefore,  be  so  to 
design  his  bearings  that  this  film  shall  be  as  thick  and  have  as  small 
a  viscosity  as  possible.  When  these  results  are  obtained,  the  frictional 
resistance  is  very  small,  and  the  wear  7227  or  nearly  so. 

Imperfect  lubrication,  we  notice,  results  either  from  the  fact  that 
the  speed  of  rubbing  is  very  slow,  that  the  supply  of  oil  is  restricted, 
or  that  the  weight  upon  the  bearing  is  too  great. 

When  it  arises  from  the  first  of  these  reasons,  good  results  can 
only  be  obtained  by  making  the  surfaces  that  come  into  contact  of  suc^ 
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materials  as  will  not  readily  seize  or  gall  each  other,  and  bj  using 
very  oily  lubricants.  It  is,  however,  to  an  imperfect  supply  of 
the  lubricant  that  the  greatest  losses  by  friction  can  generally  be 
traced. 

For  many  years  it  was  the  custom  to  put  just  as  little  oil  upon  a 
bearing  as  would  prevent  it  from  running  hot,  economy  of  oil  being 
secured  in  the  great  majority  of  instances  at  the  expense  of  the 
machinery  and  fuel.  Economy  in  the  use  of  lubricants  is  also 
obtained  by  the  use  of  grease,  but,  as  in  the  case  above,  with  loss  of 
power,  for  although  greases  tend  to  remain  between  the  rubbing 
surfaces  and  form  thick  films,  they  are  very  viscous  or  even  plastic. 

However,  more  perfect  methods  of  lubrication  are  now  being  intro- 
duced, and  the  advantages  secured  by  their  adoption  are  becoming 
more  widely  appreciated  every  day,  for  power  users  frequently  keep 
a  record  of  the  energy  exerted  by  their  prime  movers,  and  compare 
it  with  the  energy  actually  consumed  in  doing  useful  work.  The 
ditference  is,  of  cuurse,  lost  in  friction  during  transmission,  and  so 
great  is  this  loss  very  often,  that  users  of  power  and  practical 
engineers  are  beginning  to  look  clobcly  into  the  design  of  bearings, 
etc.,  with  a  view  to  securing  conditions  favourable  to  a  low  coefficient 
of  friction. 

The  sooner  the  fact  is  appreciated  that  not  only  have  simple 
means  been  devised  for  supplying  the  lubricant  in  such  a  manner 
that  the  friction  is  reduced  to  a  minimum,  and  that  at  the  same 
time  lubricants  can  be  used  over  and  over  again  and  not  wasted,  the 
sooner  the  old  unsatisfactory  methods  will  disappear. 

It  should  be  clearly  understood  that  the  possibility  of  making 
practical  use  of  such  devices  as  w^ill  give  results  comparable  with 
those  obtained  by  Beauchamp  Tower  dates  from  the  introduction 
of  mineral  oils  and  of  non-acid  fatty  oils  blended  with  them. 

The  original  objection  to  reservoir  bearings  was  that  they  "required, 
in  the  first  instance,  a  large  supply  of  oil,  which  soon  became  viscid 
and  useless  by  oxidation,  etc.,  and  that  the  reservoirs  had  to  be 
frequently  recharged. 

This  objection  can  no  longer  be  considered  valid,  for  good  oils 
may  now  be  obtained,  a  single  charge  of  which  can  be  allowed  to 
work  continuously  for  ten  or  twelve  months  without  becoming 
objectionably  viscid  or  acid. 

The  pressure  films  produced  by  the  tnippingof  the  lubricant  when 
the  supply  is  good  are  very  considerably  thicker  than  superficial 
tension  films.  In  a  particular  instance,  by  an  electrical  cont^ict 
method,  Goodman  found  that  a  lubricating  film  had  a  thickness  of 
one  five-thousandth  part  (0002)  of  an  inch.  Osborne  Keynolds,  from 
the  friction  of  a  particular  bearing,  estimated  it  to  vary,  in  different 
parts,  from  00077  to  000375  inch  in  thickness  (-0195  to  '0095  mm.). 
Kingsbury  ^  experimented  with  a  journal  3*82  inches  in  diameter  and 
10  inches  long,  bearings  and  journal  having  exactly  the  same  radius. 
*  Trails.  Amcr.  Soc.  AfcJu  Eng,^  vol.  xxiv.  (1903),  148. 
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The  chords  ot  the  bearing  aurfaces  were  3  inches  each,  the  speed 
80  ami  190  revoltilioiis  per  minute,  and  the  journal  was  flooded 
with  nil.  By  measuring  the  displaoemeut  of  the  bearings,  the  oil 
film  was  found  to  have  a  mean  thickness  of  from  '00021  to  '0002,1 
inch  under  loads  varying  From  27  to  270  poimds  per  square  inch. 
Kiugalmry  ban  reported'  later  experiments  made  by  the  Westing- 
house  Electric  and  Manufacturing  Co.  at  East  Pittsburg,  in  which 
the  thickness  of  the  oil-tilm  was  measured  at  different  speeds  up  to 
1300  revolutioua  (4710  feet)  per  minute.  In  this  case  the  shaft  was 
15  inches  in  diameter,  the  bearing  40  inches  in  length,  flooded 
with  oil,  and  the  total  load  on  the  bearing  was  94,000  pounds.  The 
thickness  of  the  oil-film  on  the  '  on '  side  of  the  bearing  ranged  from 
about  0-0019  inch  at  470  revolutions  per  minute  to  about  0'00314 
inch  at  1070  reyotutions  per  minute.  On  the  'off'  side  of  the 
bearing  the  film  was  found  at  all  speeds  to  be  thinner  than  on  the 
'on'  Bide,  as  was  theoretit-aliy  proved  by  Osborne  Reynolds  must 
be  the  case  with  '  perfect '  lubrication.  Kingsbury  states  that  the 
film  thickness  was  probably  greater  than  the  above  mensuremeuts 
indicated,  owing  to  the  flexure  of  the  shaft. 

In  the  chapter  on  'The  Theory  of  Lubrication,'  the  manner  in 
which  this  film  fortns  and  thickens  &s  the  speed  increases  has 
been  as  fully  considered  as  is  possible  without  the  introduction  of 
adranced  mathematical  methods. 

As  previously  pointed  out,  the  importance  of  securing  perfect 
lubrication  has  become  more  and  more  recognized  since  the  classical 
experiments  of  lieuuchamp  Tower  on  the  friction  of  lubricated  Bur< 
faces  were  made.  He  showed  that  the  methods  of  applying  the 
lubricant  to  the  bearing  in  common  use  are  often  very  imperfect,  and 
not  only  lead  to  great  waste  of  oil,  but  fail  to  allow  the  bearings  to 
make  the  best  of  what  they  do  get. 

As  is  almost  always  the  case  with  improvements  designed  to  give 
increased  economy,  the  introduction  of  better  designed  bearings  and 
lubricating  arrangements  has  been  comparatively  slow,  for,  as  we 
shall  find,  there  are  mechanical  difficulties  to  be  overcome  before,  in 
all  cases,  the  best  results  can  be  obtained,  and  the  improved  bearings 
are  not  always  the  cheapest  or  the  simplest. 

Then,  afjain,  the  designs  of  bearing  in  common  use,  and  the 
methods  of  lubrication  adopted,  have  been  the  result  of  experimental 
practice  which  did  not  take  much  nolo  of  the  actual  frictioual 
resistances  met  with,  except  when  they  were  so  great  that  serious 
beating  was  caused.  Uiiscientific  methods  have  consequently  been 
largely  followed,  a  cheap  rather  than  an  economical  bearing  being 
aimed  at. 

But  it  is  certain  that  in  future  the  engineer  will  not  be  content 

with    a   bearing  simply    because    it  does    not    run    hot   and   give 

trouble.     His  object,  us  we  have  said,  will  bjt-iu-  UltfliWi-lilMKfriction 

and  wear  to  a  minimum,  and  to  enable  tl|tf^«W^  oHua'^idti^^ 

'  Trans.  Amcr.  Sue.  .Vecli.  Bnff,,*jj>xiviL'(18te),  pi-i26. 
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expended  upon  the  work  in  hand  rather  than  in  overcoming  avoid- 
able resistances. 

p]vcn  at  the  risk  of  appearing  to  emphasise  too  strongly  the  value 
of  the  many  new  designs  which  have  been  introduced  for  securing 
perfect  hibrication,  we  shall  illustrate  some  of  the  best  and  most 
largely  used  of  them  for  the  purpose  of  showing  the  direction  in 
which  design  is  now  moving.  In  the  immediate  future  there  is 
every  reason  to  expect  that  many  improvements  in  detail  will  be 
intro^luced,  and  instead  of  the  design  of  the  rubbing  surfaces  of 
a  machine  and  the  method  of  application  of  the  lubricant  being 
regarded  as  of  comparatively  little  moment,  they  will  receive  their 
proper  share  of  attention  by  the  draughtsman.  Steam  and  other 
motors,  etc.,  will  then  be  less  likely  to  give  trouble,  owing  to  over- 
heated or  damaged  bearings,  than  is  now  the  case. 

In  the  discussion  of  his  report  on  friction  experiments,  Beauchamp 
Tower  said  ^  it  seemed  to  him  that  the  important  practical  inference 
is,  that  it  is  actually  possible  to  so  lubricate  a  bearing  that  not  only 
would  metallic  friction  be  altogether  done  away  with,  and  thereby 
the  amount  of  power  lost  by  friction  be  reduced,  but  metallic  wear 
and  tear  would  also  ))e  abolished.  He  would  not  say  that  such  a 
result  was  actually  possible  in  practice  now,  but  it  was  a  reasonable 
one  to  aim  at  in  mechanism.  By  giving  a  profuse  lubrication,  and 
by  having  the  brasses  so  arranged  that  there  should  be  a  uniform 
pressure  all  over  their  surface,  it  was  possible  to  have  wear  and  tear 
between  metal  and  oil,  instead  of  between  metal  and  metal. 

To  a  reduction  in  the  frictional  resistance  of  the  machine  we  must, 
therefore,  also  add  the  increased  life  of  its  pirts  secured  by  the 
adoption  of  more  perfect  systems  of  lubrication,  and  both  of  these 
advantjiges  may,  if  we  use  proper  blends  of  oil,  be  secured  without 
increased  cost  or  waste. 

Pofiif  ions  for  Oil -ways. — At  high  speeds,  given  a  good  supply  of 
lubricant  of  proper  quality  applied  at  the  proper  place,  a  layer  of  oil 
becomes  trapped  between  the  rubbing  surfaces  and  completely 
separates  them.  Upon  this  film  rests  the  load.  The  oil,  therefore, 
is  under  very  considerable  pressure  towards  the  centre  of  the  bearing 
surface,  but  as  we  approach  the  edges,  the  pressure  falls  off,  and 
reaches  zero  at  the  margin.  This  is  no  theoretical  assumption,  but 
a  fact  which  Beauchamp  Tower  discovered  by  perforating  the  brass  of 
a  journal,  and  connecting  to  the  hole  a  pressure  gauge. 

As  the  load  is  completely  oil-bonie,  the  distribution  of  pressure  in 
the  film  depends  upon  the  direction  in  which  the  load  acts.  The 
formation  of  the  film  or  pad  of  oil  results  entirely  from  the  viscous 
properties  of  the  lubricant,  as  also  does  the  friction.  When  the 
speed  of  rubbing  is  slow,  tlie  lubricant  is  not  trapped  between  the 
surfaces  to  any  great  extent,  and  does  not  form  a  thick  sustaining 
film.     In  such  cases,  a  lubricant  possessing  the  property  of  oiliness 

^  Second  Rei)ort  on   Friction  Ez]>erinients.      Proe.   Insi.  Jfech,  £ng.,  1885, 
p.  64. 
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or  greasiness,  rather  than  viscosity,  is  necessary,  fatty  oils  giving  the 
best  TCBulte. 

The  lubricant  is  then  kept  between  the  siirraces  because  the  oil  or 
grease  films  powerfully  resist  rupture.  Oil-ways,  therefore,  may  be 
out  along  tliose  parts  of  the  faces  which  are  being  forcibly  pressed 
together,  and  can  be  made  of  such  lengths,  and  extend  in  such  direc- 
tions, that  owinf,'  to  the  close  fit  of  the  parts  they  will  retain  the  oil 
fed  to  them.  This  cannot,  however,  be  done  with  advantage  when 
the  speed  of  running  is  high  and  the  lubrication  '  perfect,'  for  oil-ways 
cut  along  faces  to  the  edges,  or  from  holes  drilled  where  the  pressure 
film  should  be,  allow  the  oil  to  escape,  and  the  surfaces  then  close 
together. 

When  the  lubrication  is  'imperfect,'  the  speed  of  running  being 
only  moderate  and  the  journal  of  large  diameter,  it  is  often  very 
diSiuuU  to  keep  the  bearing  coot,  even  if  fixed  oils  of  considerable 
viscosity  are  used.  In  such  cafiea,  grooves,  and  sometimes  mere  flat 
surfaces  of  email  width,  are  cut  on  the  cylindrical  surface  of  the 
journal.  At  other  times,  spiral  grooves  are  cut  round  the  surface 
of  the  journal,  or,  perhaps,  several  short  grooves  are  cut  at  different 
points  of  the  ciroumrerence.  These  grooves  carry  the  lubricant 
between  the  rubbing  surfaces,  and  the  latter,  therefore,  are  pre- 
vented from  becoming  dry. 

C  E.  Heffurd,'  K.N.,  has  found  that  such  a  Hat  surface  filed  about 
22*  on  the  'idle  side'  of  the  crank  pin  of  an  engine  which  always 
rotates  in  the  same  direction  gives  good  residts. 

Such  devices,  however,  except  when  the  speeds  are  low,  only  serve 
to  remedy  the  evils  which  result  from  imperfect  lubrication,  and  should 
not  be  used  in  oases  where  the  conditions  are  suitable  for  securing 
'perfect'  lubrication. 

In  the  case  of  Gxed  machinery,  the  moving  parts,  in  the  majority 
of  instances,  rest  upon  the  bearings,  and  run  at  speeds  which  admit 
of  perfect  lubrication,  The  lubricants  in  these  cases  can  be  supplied 
through  holes  and  grooves  cut  in  the  cap  of  the  hearing,  for  the 
pressure  film  or  pad  is  on  the  lower  brass.  On  the  other  hand,  the 
axle  bearings  of  railway  vehicles  rest  upon  the  journal,  and  the 
lubricant  should  be  supplied  at  the  bottom  or  sides.  Grooves  in  the 
top  brasses  allow  the  lubricant  to  escape,  undue  wear  takes  place, 
and  the  bearings  are  liable  to  run  hot.  Vertical  engine  main  bear- 
ings are  often  subject  to  forces  which  tend  to  lift  the  shaft  from  its 
seat  and  force  it  against  the  bottom  and  top  brasses  alternately. 
In  this  case  we  require  a  pressure  film  on  the  top  as  well  as  on  the 
bottom  brass,  and  no  grooves  should  be  cut  in  either  of  them.  The 
lubricant,  under  such  circumstances,  must  be  applied  at  both  sides  of 
the  bearing. 

In  all  bearings,  the  oil  is  intruded  along  the  'on  '  side  of  the  brass, 

and  is  expelled  along  the  other  three  sides  and  ends.     Fig.  96  shows 

a  plan  of  such  a  surface,  and  the  arrows  indicate,  roughly,  the  pathi 

I   The  Prnd.ical  Engineer,  lut  October  18S7,  |i.  331. 
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of  the  oil  acrass  it.  A  portion  of  the  oil  escapes  at  the  endsy  the 
quantity  being  large  when  the  film  is  thick  and  the  lubrication 
good,  and  if  some  means  be  not  advised  for  causing  the  oil  thus 
expelled  to  return  to  the  source  of  supply,  it  will  be  thrown  about 
and  wasted.  In  the  majority  of  modem  bearings  guards  are  cast 
at  the  ends  of  the  pedestal,  and  the  oil,  as  it  is  thrown  into  them 
from  the  collars  on  the  shaft,  flows  into  a  reservoir  below  the  axle. 

Another   plan   (fig.  97)   for  preventing  the  expulsion  of   the  oil 
is  to  cut  oil-ways  near  the  ends  of  the  bearing,  and,  by  bevelling 


Off 


\ 


Fig.  96. 


Fig.  97. 


the  brass,  to  provide  channels  along  the  edge  to  distribute  the 
lubricant  along  the  journal  face.  If  possible,  all  grooves  in  the 
brasses  should  be  avoided,  for  dirt  is  apt  to  collect  in  and  fill  them 
up. 

Beauchamp  Tower's  experiments  on  the  frictional  resistance  and 
loads  curried  by  bearings  with  different  methods  of  lubrication  may 
bo  recounted  here  with  advantage,  as  they  show  in  a  very  striking 
manner  how  important  it  is  to  cut  the  oil-ways  of  bearings  in  proper 
positions.     Several  methods  of  oiling  were  tested  by  him. 

Wiien  the  lubricant  was  supplied  through  a  hole  drilled  in  the 
crown  of  a  brass  (fig.  98)  which   rested   upon  a  journal,  and  was 
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Fio.  98. 


Fig.  99. 


distributed  by  means  of  a  groove  parallel  to  the  axis  of  the  brass  and 
extending  nearly  to  the  ends  of  the  bearing,  it  was  found  that  the 
journal  would  not  run  cool  when  the  load  exceeded  100  lbs.  per 
square  inch.  It  appeared  that  the  hole  and  groove  being  in  the 
centre  of  pressure  of  the  brass,  allowed  the  supporting  oil-film  to 
escape.  This  view  was  confirmed  by  filling  up  the  hole  with  the 
lubricant  and  then  easing  the  weight  off  the  journal  for  an  instant 
This  allowed  the  oil  to  sink  down  the  hole  and  lubricate  the  journal ; 
but  immediately  the  load  was  again  allowed  to  press  upon  the  journal, 
the  oil  rose  in  the  hole  to  its  former  level  and  the  journal  became 
dry ;  thus  showing  that  this  arrangement  of  hole  and  groove,  instead 
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of  being  a  uienDs  of  lubrienting  the  journal,  was  a  most  cfleclual 
means  for  collecting  and  removing  all  oil  from  it. 

In  practice,  greater  loads  are  carried  with  this  faulty  ayatem  of 
lubrication  thai]  these  eiperiineiits  would  seem  to  indicate  the  posBi- 
bihty  of.  This,  no  douht,  results  from  the  vihrationa  and  side-play  of 
the  axle-box  on  the  journal,  and  also  to  the  imperfect  fit  of  the  brass, 
which  allows  the  oil  tjD  get  out  of  the  groove  and  wot  the  journal. 
When  the  brass  is  a  very  good  fit  and  the  oil  cannot  thus  escape,  t!ie 
bearings  heat  and  give  trouble.  Small  grooves,  however,  cut  from 
the  end  of  the  oil-way  to  the  end  of  the  bmss  will  often  put  matters 
right,  for  the  lubricant  can  then  escape  at  the  ends  and  reach  tlie 
journal  by  a  circuitous  path. 

As  the  centre  of  the  brass  was  obviously  the  wrong  place  to 
introduce  the  oil.  Tower  resolved  to  apply  it  at  the  sides,  where  two 
(TTooves  were  accordingly  made.  They  were  cut  parallel  to  the  aiia 
of  the  jonmal,  as  shown  in  lig.  99,  and  extended  nearly  to  the  ends 
of  the  brass.  With  this  arrangement  the  bearing  did  not  seize  until 
the  load  reached  3S0  lbs.  per  square  inch. 

The  arraiigement   Bometimes  used  for  locomotive  axles  was  also 


30= 


tested.  The  oil  was  introduced  through  two  holes,  one  near  each  end 
of  the  brass,  from  each  of  which  ran  a  curved  groove,  as  shown  in  the 
plan,  fig.  100. 

This  brass  refused  to  take  its  oil  or  ruu  cool  when  the  load  exceeded 
178  Iha.  per  square  inch. 

Ill  many  instances,  such  as  locomotive  bearings,  siphon  lubrica- 
tion has  to  be  mainly  dei>ended  upon,  it  being  impossible  to  use  the 
same  oil  over  and  over  again  as  in  the  case  of  some  bearings  shortly 
to  be  described.  To  retain  the  oil  as  much  as  possible,  and  prevent 
its  oxproBsion  iu  undue  quantities  at  the  ends  of  the  journal,  an  oil 
groove  may  be  cut  as  shown  in  fig.  lOOi.  The  lubricant  is  fed  in  by 
the  siphon  wicks  through  the  holes  AA  ou  the  'on'  side  of  the 
brasH,  and  returns  through  the  gro<)ve  from  the  'off'  to  the  'on' 
side,  being  thus  iise<l  several  times  in  succession.  When  it  is  possible 
to  use  an  oil-pad  below  the  axle,  the  two  escape  grooves  B  B  may  be 
cut.  The  oil  raised  from  the  pad  by  the  rotation  of  the  joui'nal  is 
then  returned  to  the  pad  by  escaping  through  these  grooves ;  and 
in  thus  prevented  from  being  wasted  at  the  aides, 

fli/i  Lul'riraiiiin.^Uhvmg  tested  siphon  lubrication  with  oil-ways 
of  various  kinds,  llrnuohamp  Tower  experiment**!  vii^Ax  \>T»*»ft% ""^iv^ 

1<^  . 
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had  no  oil-ways  cut  in  them,  the  lubricant  being  supplied  by  pads 
pressed  against  the  undersides  of  the  journals.  Although  the  oil 
was  only  supplied  to  the  pads  by  capillary  action,  and  the  journals 
were  only  just  oily  to  the  touch,  they  carried  loads  of  from  550  to 
580  lbs.  per  s(piare  inch.  The  frictional  resistance  was  also  exceed 
ingly  small. 

Bath  or  ^  Perfect^  Lubrication, — When  the  lower  side  of  the 
journal  dips  into  a  bath  of  the  lubricant,  the  surface  is  covered  by  a 
thick  film  of  oil  which  is  carried  against  the  *on '  side  of  the  brass. 
Under  such  conditions  the  lubrication  is  said  to  be  'perfect.'  With 
this  form  of  lubrication  a  journal  has  carried,  without  difficulty,  as 
much  as  620  lbs.  per  square  inch. 

The  extent  to  which  friction  depends  upon  the  completeness  with 
which  the  exposed  portion  of  the  journal  is  kept  wetted  with  the 
lubricant  is  shown  in  Table  XV.,  page  83, 

It  is  clear  from  these  figures  that  improved  methods  of  lubrication 
not  only  enable  us  to  increase  the  loads  on  our  bearings,  but  also  to 
greatly  decrease  their  frictional  resistances. 

The  oil-bath,  it  appears,  represents  the  most  perfect  method  of  self- 
lubrication  possible,  and  carries  us  to  the  limit  beyond  which  friction 
cannot  be  reduced,  except  by  mechanical  methods  of  oil  supply.  The 
experiments  show  that  with  speeds  of  from  100  to  200  feet  per 
minute,  by  properly  proportioning  the  bearing  surface  to  the  load, 
it  is  possible  to  reduce  the  frictional  resistance  so  much  that  the 
coefticient  is  as  low  as  0 '001.  A  coefficient  of  friction  of  0*002  is 
easily  obtained,  and  probably  is  often  attained  in  engine  bearings  in 
which  the  direction  of  the  force  is  rapidly  alternating. 

In  the  design  of  bearings  of  all  kinds,  the  object  aimed  at  is  to 
secure  the  conditions  of  bath  lubrication ;  when  even  these  con- 
ditions will  not  suffice,  owing  to  the  heavy  load  on  the  brass,  other 
means  have  to  be  adopted. 

Force-Pttmj)  Lubrication, — When,  owing  to  the  loads  being  exceed- 
ingly great,  or  the  speeds  low,  a  pressure  film  cannot  be  retained 
automatically  in  the  ordinary  way,  the  best  plan  is  to  force  the 
oil  between  the  faces  by  means  of  a  pump  actuated  either  by  the 
motion  of  the  shaft  itself,  or  by  hand.  Of  late  years  this  method  has 
been  adopted  in  quite  a  number  of  instances.  Daniel  Adamson  stjites 
that,  in  one  instance,  a  heavy  shaft  which  gave  a  prcssiire  of  2200  lbs. 
per  square  inch  was  kept  running  for  years  in  this  way  without  any 
difficulty  whatever,  the  oil  being  pumped  in  by  hand  occasionally. 

This  method  of  lubrication  has  also  been  found  effective  for  pivot 
bearings.  Without  such  aid,  this  form  of  bearing  surface  cannot  be 
depended  upon  to  carry  loads  exceeding  100  lbs.  per  square  inch,  and 
to  carry  even  these  loads  it  is  necessary  to  make  the  surfaces  of 
suitable  material  and  to  use  fatty  oils  of  considerable  viscosity. 
Thrust-block  collar  bearings  might  also  be  lubricated  in  this  way 
with  advantage. 

Forced    lubrication    should   also   be   used   for  high-speed   motor 
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licaringa,  when  tlie  heat  produced  by  friction  oniiTiot  In.-  ciirrieil  away 
rapidly  eiioiigli  by  the  metallic  parts  and  by  radiation  or  water 
cooling'.  It  should  also  be  used  wheic  the  bearing  is  a  very  cloBe  fit 
to  the  journal  and  practically  eucloaes  it. 

I^svhe's  experiments  show  that  the  heat  carried  away  by  the  oil 
supplied  to  a  bearing  is  not  in  direct  proportion  to  the  quantity  of 
oil,  but  that  a  amaU  quantity  of  oil  properly  conducted  between  the 
friction  snrfaees  and  caused  to  circulate  between  them  for  a  sufficient 
tjme  to  acquire  a  temperature  approaching  that  of  the  bushes  is 
more  cfticieut  than  a  larger  quantity  wn^tefully  applied.  In  forced 
lubrication  the  oil  should  be  applied  to  that  part  of  a  bearing  where 
the  friutional  work  or  the  surface  pressure  is  greatest. 

Heating  of  Lnbricating  Films. — In  the  chapter  on  solid  friction 
it  was  pointed  out  that  the  work  done  in  keeping  surfaces  iu  relative 
motion  is  transformed  into  heat,  and  that  the  heat  produced  is 
exactly  proportional  to  the  work  done.  When  the  surfaces  are 
separated  by  an  oiltilm,  the  frictional  resistance  is  wholly  viscous, 
and  the  heat  produced  raises  the  temperature  of  the  lubricant.  This 
iucrcase  of  t«mperature  may  be  very  considerable,  for  the  film  is 
very  thin,  a  bad  conductor  of  heat,  and  the  motion  of  the  lubri- 
cating fluid  ia  direct.  The  heat  produced  goes,  therefore,  to  increase 
the  temperature  of  a  very  small  volume  of  oil,  from  which,  as  the 
flow  is  not  sinuous,  the  heat  escapes  but  slowly  by  conduction. 
Osborne  Reynolds  calculated  that  even  when  the  heating  of  the 
joumid  is  very  small  indeed,  and  the  coefficient  of  friction  tow,  the 
temperature  of  the  oil-film  may  be  as  much  as  15"  F.  above  that  of 
the  siirroundiug  solid  parts.  In  this  way  the  fact  that  the  friction 
of  a  journal  is  not  proportional  to  the  speed  is  explained,  for  the 
heat  produced  in  the  lubricating  film  decreases  its  viscosity. 

The  increase  of  friction  with  increasing  speed  is  least  marked 
when  the  lubricant  is  a  mineral  oil  whose  viscosity  decreases  rapidly 
with  increase  of  temperature.  W.  D.  Scott- Moncrie If  states  that  in 
some  experiments  made  by  Napier  and  himself,  it  was  found  that 
the  friction  increased  with  an  increase  of  velocity  iu  the  cose 
vegetable  oils,  but  decreased  with  increasing  speed  with  mineral  oi 

When  the  lubrication  is  'imperfect,'  the  loss  of  viscosity  resulting 
from  the  heat  lilierated  is  not  sufficiently  great  to  compensate  for  the 
resulting  thinner  film  and  increased  solid  friction,  and  the  frictional 
resistance  is,  therefore,  greater. 

The  thermal  units  generated  in  a  bearing  per  minute 

.  iW- 

779  ' 
1*  being  the  load  on  the  Imnring,  ;i,  the  coefficient  of  friction,  and  v 
the  surface  vvliioity. 

The  heat  thus  developed  in  the  film  has  to  be  conducted  through 
the  shaft  and  bearing.  But  the  quantity  of  heat  liberated  may  be  so 
great,  and  the  lubricant,  consequently,  become  so  &wA,  \.\\».1.\V  '% 
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incapable  of  sustaining  the  load,  and  the  rubbing  sarfaces,  therefore, 
close  together  and  maj  seize. 

Tower's  experiments  clearly  bring  out  the  fact,  ms  also  do  those 
of  Goodman,  that  the  greater  the  viscosity  of  the  lubricant,  the 
greater  the  load  a  bearing  will  carry,  provided  the  speed  be  not  too 
high.  The  seizing,  when  the  loads  are  considerable^  owing  to  the 
reduced  viscosity  brought  about  by  increase  of  temperature,  is  some- 
what more  pronounced  when  mineral  oils  are  used  than  it  is  with 
vegetable  and  animal  lubricants,  for,  as  previously  stated,  the  yiacosity 
of  the  latter  oils  does  not  fall  off  so  rapidly  with  rise  of  temperature 
as  is  the  case  with  the  former.  On  this  account  mineral  oils  which 
have,  at  ordinary  temperatures,  much  greater  viscosity  than  £atty 
oils,  can  often  be  used  without  entailing  increased  friction. 

Admissible  Loads  on  Bearings. — The  conditions  which  determine 
the  area  for  a  bearing  necessary  to  secure  cool  running  are  very 
complex,  and  render  it  difficult,  if  not  impossible,  to  give  even  an 
empirical  rule  whereby  it  may  be  calculated.  Roughly,  we  may 
take  it  that  friction  always  results  either  from  actual  abrasion  or 
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from  tlic  viscous  or  plastic  resistance  of  the  lubricant.  When  the 
speeds  are  low  and  the  loads  heavy,  the  more  oily  or  greasy  the 
lubricant,  and  the  smaller  the  tendency  of  the  surfaces  in  contact 
to  gall  and  seize  each  other,  the  smaller  the  necessary  contact  area 
l)ccomes.  The  lubrication  of  a  bearing  is  generally  so  imperfect 
with  siphon  lubrication,  that  even  up  to  speeds  of  100  feet  per 
minute  the  frictional  resistance  is  often  many  times  greater  than 
that  obtained  with  bath  lubrication.  At  moderate  or  high  speeds 
it  is  the  viscosity  of  the  oil  which  keeps  the  surfaces  apart,  for  wear 
makes  the  radius  of  the  brass  somewhat  larger  than  that  of  the 
shaft  or  journal,  and  the  lubricant  is  trapped  between  them.  The 
thickness  of  the  film  of  oil  is  then  dependent  upon  the  form  of 
bearing  surface  produced  by  wear,  and  this  varies  according  to  the 
conditions  of  running  and  the  direction  in  which  the  load  acts. 

With  each  change  of  load  or  viscosity  the  relative  positions  of 
the  brass  and  journal  are  also  altered.  With  light  loads,  or  viscous 
lubricants,  fig.  101  shows  the  conditions  obtaining,  whilst  with  heavy 
loads,  or  tliin  oils,  the  relative  positions  of  brass  and  journal  are  more 
nearly  as  in  fig.  102.     Increasing  the  load  has  the  effect  of  bringing 
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the  surfaces  nearer  together  on  the  'off'  side,  and  causing  them  to 
part  on  the  *  on '  side.  On  this  account,  although  experiment  has 
shown  that  within  wide  limits  the  friction  of  a  journal,  and  therefore 
the  heating  eifect,  is  independent  of  the  load,  the  local  heating  with 
great  pressures  is  greater  than  with  small  ones,  although  the  total 
heat  produced  is,  in  hoth  cases,  the  same.  For  where  the  film  is  thin, 
excessive  heating  takes  place,  the  rate  of  shear  heing  great,  and,  more 
especially  when  mineral  oils  are  used,  the  lubricant  becomes  less 
viscous,  and,  when  the  loads  are  too  great,  allows  the  surfaces  to 
actually  touch  and  abrade  each  other.  It  will  be  seen  that  increasing 
the  viscosity  of  the  lubricant  beyond  a  certain  point,  although  it  may 
prevent  actual  abrasion,  does  not  result  in  decreased  friction,  because 
although  the  tendency  is  to  make  the  film  more  even  in  thickness 
and  prevent  the  surfaces  from  touching,  more  heat  is  liberated  by 
the  increased  fluid  friction  of  the  thicker  oil. 

The  conditions,  therefore,  which  determine  the  area  necessary  to  be 
given  to  a  bearing  surface  are,  in  some  measure,  those  which  arise 
from  the  heating  of  the  film  and  the  nature  of  the  metals  in  contact. 
When  working  under  normal  conditions  the  thickness  of  the  lubri- 
cating film  should  be  so  great  that  the  friction  and  heating  cannot 
injure  either  the  lubricant  or  the  metallic  surfaces ;  but,  as  it  is  im- 
possible with  many  forms  of  oil  supply  to  guarantee  a  proper  and 
perfectly  regular  rate  of  feed,  and  also  wholly  to  prevent  the  access 
of  grit,  etc.,  the  bearing  must  be  made  large  enough  to  carry  the 
load,  should  the  supply  of  oil  be  slightly  insufficient. 

However  small  the  frictional  resistance  may  be,  the  heat  liberated 
must  be  allowed  to  escape  from  the  journal  and  brass  as  quickly 
as  possible,  otherwise  it  will  accumulate  and  so  increase  the 
temperature  of  the  parts  as  to  destroy  the  bearing.  But,  in  practice, 
80  many  large  masses  of  iron  are  necessarily  in  contact  with  the 
lubricating  film,  and  they  expose  such  a  large  surface  to  the  air,  that 
in  the  majority  of  cases  the  brasses  and  surfaces  in  contact  with 
them,  including  the  lubricating  film,  are  not  excessively  heated,  and 
the  latter  does  not  lose  its  load-carrying  power  to  a  serious  extent. 
In  the  case  of  connecting  rods  and  railway  axle-boxes,  the  rapid 
movement  through  the  air  quickly  dissipates  the  heat  and  enables 
comparatively  heavy  loads  to  be  put  upon  them,  even  when  the 
speeds  are  high. 

Experimenting  with  a  bearing  the  loads  upon  which  could  be  varied 
easily,  H.  F.  Moore  ^  found  that  the  maximum  load  per  square  inch 
that  could  be  carried  before  the  oil-film  began  to  break  down 
(indicated  by  a  voltmeter  in  circuit  between  the  bearing  and  the 
journal)  was  very  closely  indicated  by  the  following  formula : 

p=7*47Vv, 
in  which 

j7= pounds  per  square  inch,  and 
t;=teet  per  minute. 

1  American  Machinist,  Sept  24tb,  1903,  p.  1351. 
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This  wau  with  bath  lubrication  and  ordinary  machine  oil.  TTith 
such  a  bearing  I^uchamp  Tower  found  that  the  frictional  reBistanoe 
was  independent  of  the  load  and  proportional  to  the  square  root  of 
the  speed.  It,  therefore,  appears  that  although  the  additional 
wedging  action  of  the  lubricating  film,  due  to  the  increased  speed,  is 
incapable  of  further  separating  the  journal  and  bearing,  and  thereby 
decreasing  the  friction,  the  wedging  action  is  capable  of  sustaining  an 
additional  lo.id  proportional  to  the  increased  frictional  resistance 
produced. 

Although  most  writers  on  lubrication  are  of  opinion  that  the  area 
it  is  necessary  to  give  the  opposing  surfaces  of  a  bearing  depends,  in 
great  measure,  upon  the  heating  effect  resulting  from  the  friction  of 
the  rubbing  surfaces,  it  is  admitted  that  a  satisfactory  theory  cannot 
be  based  upon  this  consideration  alone,  for  the  sustaining  power  of  a 
bearing  is  often  increased  by  using  a  more  viscous  lubricant,  notwith- 
standing the  increased  friction  and  heating  the  change  gives  rise  to. 

If  we  assume  that  severe  heating  occurs  only  when,  owing  to  a 
deficiency  in  the  supply  of  lubricant,  the  coefficient  of  friction 
becomes  independent  of  the  load,  the  results  obtained  by  some 
formulae  are  in  agreement,  to  some  extent,  with  practice ;  but  it  is 
certain  that  many  bearings  would  heat  and  seize  long  before  the 
lubrication  became  anything  like  so  imperfect  as  to  bring  this  about 
However,  equations  based  on  the  assumption  that  the  area  of  the 
rubbing  surfaces  through  which  the  heat  is  dissipated  should  be 
proportional  to  the  heat  developed  by  friction  give  some  results 
which  deserve  attention. 

With  load  W,  revolutions  N,  radius  of  journal  r^y  and  coefficient  of  friction 
fi„  the  heat  liljerated  by  friction 

_  2irroWNM, ^jj 

When  the  bearing  completely  surrounds  the  journal  or  shaft,  the  area  of 
the  surface  lliruugli  wliicn  the  heat  can  escape  from  the  film  =  Arrjb  (2) ; 
one-lialf  being  the  area  of  the  brass  and  one-half  that  of  the  journal. 

The  bni8.ses  of  modern  journals  and  shafts  are,  however,  seldom  made  to 
touch  the  surface  which  woiks  against  them  over  more  than  one-fifth  or 
even  one-tenth  of  the  circumference.  Making  a  the  length  of  the  brass  in 
the  direction  of  motion,  and  b  iU  width,  the  area  of  the  surface  through 
which  the  lieat  cau  escape  =  a6  +  2«To6. 

If  H  1)6  the  number  of  units  of  heat  it  is  allowable  to  dissipate  per  unit 
of  area  in  unit  of  time,  then 

H(a6-|-2irro6)  =  ^^-»i'^'"" (li) 

J 

and  ft  =  JVN^^  ....       (4) 

W 

Writing  ^=      we  get 

HJ(a+2rr„)  .  . 
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This  implies  that  the  limiting  intensity  of  pressure  varies  inversely  as  N/aj, 
and  may  be  greater  the  greater  the  length  o  is  made  as  compared  with  a, 
other  conditions  being  the  same.  It  is  partly  on  this  account  that  the 
bearing  brasses  of  railway  vehicles  are  made  long  and  narrow.  The  small 
loafl-sustaining  capacity  of  pivot  and  collar  bearings  is  also  partly  to  be 
ascribed  to  the  smallness  of  their  heat-dissipating,  as  compared  with  their 
heat- producing,  surfaces.  Slipper  blocks  and  worm  wheels  are  better  off  in 
this  respect,  and  will  run  satisfactorilv  at  much  higher  speeds. 

As  no  really  satisfactory  method  of  calculating  the  area  that  should  be 
given  to  bearing  of  different  kinds  has  been  devised,  we  give,  in  the  first 
part  of  Table  XCVII.  the  loads  per  square  inch  whicn  are  generally 
considered  safe  to  use.  This  table  will  serve  to  show  how  greatly  the 
admissible  load  varies  in  different  cases,  and  may  be  used  with  confidence 
if  due  allowance  be  made  for  cases  in  which  speed  is  excessive.  The 
figures  for  ordinary  bearings  for  shafting  in  the  second  part  of  the  table 
are  given  on  the  authority  of  G.  F.  Chamock.* 

Table  XCVII.-^Admishible  Loads  on  Bearings. 


DeBcription  of  Bearing. 


Hard  steel  bearings  on  which  the  load  is  intermittent,  such 
as  the  crank  pins  of  shearing  machines,  and  wrist  pins, . 
Crank  pins  of  heavy  locomotives,  at  starting, 
Crank  pins  of  heavy  locomotives,  at  60  miles  per  hour,     . 

Bronze  cross-head  neck  journals, 

Crank  pins  of  large  slow  engines, 

Crank  pins  of  marine  engines, 

Main  crank-shaft  bearings,  slow  marine,    .... 
Main  crank-shaft  bearings,  fast  marine,     .... 

Railway  coach  journals, 

Fly-wheel  shaft  journals, 

Small  engine  crank  pins, 

Small  sliae  blocks,  marine  engines, 

Stationary  engine  slide  block, 

Stationary  engine  slide  block,  usually,       .... 

Propeller  thrust  bearings, 

Shafts  in  cast-iron  steps,  high  speed, 

Ordinary  bearings  for  shafting : — 

Wrought  iron  on  cast  iron, 

Wrought  iron  on  gun-metal, 

Mild  steel  on  cast  iron, 

Mild  steel  on  gun -metal, 

Mild  steel  on  white-metal, 

Cast  steel  on  gun-metal, 


Load  in  lbs. 
per  square  inch. 


3000-4000 
2660 
1700 
1200 
800-900 
400-^00 
600 
400 

300-400 
160-200 
160-200 
100 

25-126 
30-60 
60-70 
16 


250 
300 
300 
370 
500 
600 


In  the  case  of  plane  surfaces,  the  conditions  which  determine  the 
frictioual   resistances  are  by  no  means  so  uniform  as  those   which 

>  Lednre$  ffiwsn  before  the  Bradford  Engineering  Society,  1906.     Published  by 
the  Society. 
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deter  mine  the  friction  of  cylindrical  bearings.  Indeed,  the  relative 
positions  of  the  moving  surfaces,  even  in  the  case  of  pivots  and  collars, 
vary  with  the  direction  in  which  the  load  acts,  and  the  sustaining 
power  of  the  film  is  thereby  greatly  affected.  But,  even  when  the 
conditions  are  most  favourable,  the  load  they  will  carry,  except  at  low 
8i)eed8,  is  only  60  or  70  lbs.  per  square  inch,  and  even  with  such 
loads  the  rate  of  wear  depends  largely  upon  the  nature  of  the 
rubbing  surfaces  and  the  quality  of  the  lubricant. 

Fit  of  Bearings. — Beddimj  of  Brasses, — Wherever  possible,  some 
end  play  should  be  given  to  the  bearing  by  making  it  rather  shorter 
than  the  neck  of  the  journal  or  spindle.  The  faces  are  then  free  to 
move  over  each  other  in  a  direction  at  right  angles  to  the  circum- 
ference, and  grooving  and  uneven  wear  are  thereby  prevented.  In 
nearly  all  cases  where  an  attempt  has  been  made  to  prevent  this 
lateral  motion  of  the  brass  by  making  the  journal  smaller  in  the 
centre  than  at  the  ends,  the  device  has  had  to  be  abandoned,  cir- 
cumferential grooves  having  been  produced,  and  the  proper  formation 
of  the  oil  pressure-film  prevented. 

When  the  brass  is  semicircular,  the  whole  of  its  surface  should  not 
be  allowed  to  come  in  contact  with  the  journal.  The  metal  should 
be  cut  away  somewhat  at  the  sides,  so  that  the  bearing  area  sub- 
tends an  arc  of  45",  or  less,  on  each  side  of  the  line  along  which 
the  load  acts.  This  enables  the  lubricant  to  get  with  greater  ease 
to  that  portion  of  the  surface  which  has  to  carry  the  load. 

Light  brasses  are  particularly  to  be  avoided.  Not  only  do  they 
leave  little  margin  for  wear,  but  they  are  apt  to  become  distorted  or 
fractured  through  the  crown,  just  where  the  maximum  load  is  carried, 
and  where  the  oil  pressure-film  forms.  When  such  a  fracture  exists, 
the  oil  escapes  through  it,  and  the  carrying  power  of  the  bearing 
is  greatly  reduced.  The  load  also  pinches  in  the  sides  somewhat 
and  destroys,  for  a  time  at  least,  that  difference  between  the 
radius  of  the  brass  and  the  journal  upon  which  eflScient  lubrication 
depends. 

The  harder  the  surfaces  in  contact,  the  more  accurately  should 
they  fit  one  another,  for  it  is  not  until  the  faces  are  everywhere 
brought  by  wear  to  within  a  few  thousandths  of  an  inch  of  each 
other  that  good  lubrication  can  be  secured.  White  metals,  on  the 
other  hand,  are  easily  worked  to  a  reasonable  fit  by  hand,  and  soon 
wear  to  a  perfect  face. 

In  the  case  of  shafts  and  spindles  the  fit  should  never  be  a  tight 
one ;  enough  clearance  must  be  left  for  an  oil-film  of  sufficient 
thickness.  Some  engine  makers  leave  a  clearance  of  O'OOl  inch  for 
each  1  inch  diameter  of  shafts  when  the  diameter  is  not  less  than 
1  inch  or  greater  than  6  inches.  With  this  clearance,  the  bearings 
will  not  run  hot  when  new,  and  soon  wear  to  that  condition  which 
gives  the  best  results. 

To  obviate  the  evil  effects  of  strains  resulting  from  the  stresses 
machines  have  to  bear,  long  bearings  should  be  so  made  as  to  have 
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freedom  U>  move  nit)i  tlie  shaft  as  ic  deflects,  otherwiae  tlie  presBurcH 
are  apt  to  become  excessive  at  tlie  ends. 

Even  when  tbe  workmanship  iti  good,  it  is  well  to  run  the  miichine 
in  the  first  instance  at  a  moderate  speed  and  load.  This  enables  the 
bearing  siirfacee  to  i>ed  themselves  together  properly  and  assume 
those  curves  which  are  the  natural  working  ones. 

Workmanehip. — Owing  to  a  want  of  accuracy  in  the  tit  of  lathe 
spindles,  and  the  spring  of  the  centres  when  heavy  and  bailly-balanced 
work  is  being  turned  up,  it  frequently  happens  that  crank -shafts,  etc., 
are  made,  the  bearing  surfaces  of  which  are  not  ti'uly  circular. 
Except  in  rare  cases,  this  want  of  tmeness  is  sure  to  caueo  hot  bear- 
ings and  give  endless  trouble-  Indeed,  however  well  a  machine  may 
be  designed,  if  the  parts  be  not  accurately  machined  and  properly 
put  together,  so  that  the  contact  surfaces  BhuU  slide  or  rotate 
accurately  in  their  bearings,  not  only  will  there  be  undue  friction 
and  wear,  but  excessive  strains  will  be  thrown  on  portions  of  the 
machinery,  and  numerous  failures  from  overheating  will  be  tlie  result. 

To  obtain  anything  like  the  efficiency  and  output  which  a  machine, 
such  as  a  steam  engine,  may  be  expected  to  give,  good  workman- 
ship is  absolutely  essential,  for  want  of  accuracy  of  flt,  and  defective 
lining  up,  throw  upon  certain  portions  of  the  engine  loads  which 
the  draughtsman  never  calculated  they  would  have  to  bear,  and  the 
effects  of  which  the  enginemau  finds  it  impossible  to  counteract. 
This  does  not  give  the  machine  a  chance  of  getting  iulo  that  condition 
in  which  the  friction  is  almost  wholly  due  to  the  viscosity  of  the 
lubricant,  and  only  slightly  due  to  the  actual  contact  of  the  metallic 
rubbing  surfaces. 

Btimithing  the  Stir/acts. — Lubricating  films  are  so  very  thin  that 
to  allow  of  their  proper  formation  the  rubbing  surfaces  must  be 
exceedingly  true  and  smooth.  To  bring  them  into  this  condition 
before  they  are  put  to  work  burnishers  are  frequently  used.  The 
faurtuBhiug  rolls  are  pressed  firmly  against  the  surface  of  the  journal 
or  other  part,  and  produce  a  very  excellent  rubbing  aurfnce.  When 
the  material  used  is  wrought  iron,  steel,  or  even  brass  or  bronite,  the 
compression  of  the  metal  causes  it  to  flow  under  the  burnisher  anil 
become  very  much  harder.  Indeed,  the  surface  hardness  produced 
may  be  compnrable  to  that  resulting  from  drawing  wire  through 
dies.  Such  a  hard  bright  surface  will  wear  much  better  than  an 
annealed  one,  and  be  less  liable  to  tear  or  seize. 

JSnelosed  Bearings. — It  is  now  becoming  the  practice,  wherever 
possible,  to  carefully  protect  all  rubbing  surfaces  by  enclosing  them 
in  dust-proof  cases,  which  shield  them  from  grit  and  dirt.  Too  much 
attentiou  cannot  be  paid  to  this  point  in  the  design  of  all  kinds  of 
machinery,  but  it  is  eBsential  that  the  chamber  iu  which  the  moving 
parts  are  placed  should  be  fitted  with  openings  which  admit  of  free 
access  to  all  the  beariuga. 

Chain  and  spur  gear,  especially,  should  be  well  protected.  Cycles, 
for  eiaoiple,  have  all  such  parts   made  as  dirt-  and  dnst-prgo^^^ 
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{>o88iblo;  the  bearing  surfaces  are  thereby  enabled  to  work  freelj 
on  each  other,  and  their  durability  is  much  increased. 

Individual  bearings,  such  as  axle-boxes  for  railway  vehicles,  are 
also  made  dust-proof  ;  for  now  that  oils  which  will  not  seriously  ^um 
or  become  acid  can  be  obtained,  lubricants  may  be  used  over  and  over 
again,  provided  they  are  kept  free  from  dust  and  dirt. 

There  are  numerous  instances  in  which  rubbing  surfaces  cannot 
easily  be  protected  from  air,  water,  dust,  etc.,  and  in  which  the 
lubrication  cannot  but  be  imperfect.  As  a  rule  when  this  is  the  case, 
neither  of  the  surfaces  is  made  of  a  soft  material,  as  grit,  etc.,  may 
become  imbedded  in  the  surfaces  of  the  metal  and  act  as  cutting 
tools.  Various  hard  substances  are  brought  into  requisition  for  such 
purposes ;  for  the  load  to  be  carried,  the  speed  of  rubbing,  and  the 
presence  or  absence  of  jars  or  knocks,  have  all  to  be  taken  into 
account  when  selecting  a  suitable  material.  In  some  cases  tough- 
ness, as  well  as  hardness,  is  of  importance,  whilst  in  other  cases  a 
hard  but  comparatively  brittle  material  will  give  the  best  results. 


Fio.  103. 


Fio.  104. 


Cylindrical  Bearings.  —  Bush  Dearin^fs. — Light  axles^  spindles. 
(;tc.,  arc  usually  «uj)|)orted  by  l)earing8  which  completely  surround 
their  rubbing  burfaces.  Such  Iwarings  are  either  plain  bushes 
threaded  over  the  spindle,  or  are  composed  of  two  |X)rtiou8  which 
form  ail  upper  and  ti  lower  brass.  As  the  w^eight  is  on  the  bottom 
brass,  the  lubricant  is  supplied  through  an  oil-hole  drilled  in  the  top 
cap,  and  is  spread  over  the  bearing  by  a  longitudinal  groove.  When 
the  shaft  is  ji  moderately  good  fit,  the  results  obtained  by  this  sinifile 
form  of  bearing  are  excellent,  for,  as  will  be  seen  from  fig.  103 
(which  is  not  drawn  to  scale),  the  annular  s)iace  between  the  shaft 
and  bush  will,  if  the  gap  be  not  too  large,  be  maintained  full  of  oil 
by  capillury  forces,  and  the  conditions  of  working  will  approach  those 
of  bath  lubrication. 

When  the  load  is  considerable,  the  oil-film  becomes  thin  at  the 
point  of  nearest  approach  on  the  *off'  side,  the  lubricant  escapes  at 
the  ends^  does  not  properly  fill  the  gap  between  the  upper  brass  and 
the  journal,  and  the  lubrication  becomes  imperfect.     The  increase  of 
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rrictioii  thus  brought  about  may  be  seen  when  the  upper  brasses  of 
the  main  apiudle-bcaring  of  a  foot  lathe  are  removed.  The  friction 
will  thtu  be  found  to  have  increased  greatly,  for  the  oil  fails  to 
properly  reach  the  'od  '  side,  aud  the  bearing  surfaces  approach  each 
other  somewhat  closely. 

Watcli  and  Olock  Bearings.^ — As  bearings  of  this  kind  have  often 
to  run  for  years  without  attention,  they  should  be  constructed  so 
as  to  retain,  by  the  action  of  capillary  forces,  a  small  amount  of  oil. 
The  bearing  of  a  watch  or  olock  pivot  is  shown  in  fig.  104.  The  oil 
sink  O  is  deep  and  narrow,  and  holds  a  considerable  charge  of  oil, 
which  is  prevented  from  spreading  by  the  sharp  angle  formed  by  the 
edge  of  the  surrounding  groove.  A  portion  of  the  shoulder  is  also 
bevelled  to  form  a  narrow  recess  in  which  oil  can  be  stored.  The 
back  taper  on  the  spindle  below  the  collar,  and  also  the  boss  ou  the 
plate,  are  to  prevent,  as  much  as  possible,  the  oil  from  spreading. 

Mea  ]S  for  reta  n  ng  a  si  pply  of  oil  are  also  provided  when  the 


Fio.  105.  Fra.  lOS. 

pivots  run  in  capped  jewels.  Such  a  bearing  is  shown  in  fig.  105. 
Here  the  charge  of  oil  is  retained  by  capillary  forces  between  the 
two  jewele,  which  approach  each  other  closely.  One  of  these  is 
perforated  for  the  pivot,  and  the  other  is  flattened  to  steady  it 
laterally. 

Pedestals. — The  bearings  or  steps  used  for  the  support  of  shafts 
of  any  size  are,  as  a  rule,  loose  pieces  of  metal  held  in  position  by 
iron  pedestals.  When  the  load  to  be  carried  is  very  great,  the 
pedestal  is  placed  upon  a  sole-plate,  which  serves  to  distribute  the 
load  over  a  sufficiently  large  area  of  masonry.  It  abo  serves  as  a 
means  of  adjustment.  In  some  cases,  however,  separate  bearing 
pieces  are  dispensed  with ;  the  step  then  becomes  a  portion  of  the 
pedestal.  When  this  is  the  case,  to  enable  any  wear  to  be  tuken 
up,  and  also  to  facilitate  the  removal  and  fixing  of  the  shaft,  the 
pedestal  is  fitted  with  a  cap  secured  in  position  by  bolts  and 
I  Horology,  bj  W.   T.   Lewis,   pji. 
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projections.  By  reducing  the  thickness  of  the  packing  pieces  which 
are  placed  between  the  cap  and  the  pedestal,  any  slackness  resulting 
from  vertical  wear  can  be  taken  up.  Such  a  simple  design  is  only 
suitable  in  cases  where  the  speed  and  load  are  small.  At  one  time 
the  lubricant  was  nearly  always  supplied  through  a  hole  in  the 
centre  of  the  cap,  and  distributed  along  the  surface  of  the  shaft  by 
two  grooves  which  extended  to  within  a  short  distance  from  the 
edges  of  the  bearing. 

The  difference  between  the  diameter  of  the  shaft  and  that  of  its 
bearing  being  very  small,  the  lubricant,  even  if  a  liquid  one,  remains 
between  the  surfaces  in  virtue  of  the  play  of  surface  forces.  For 
line  shafting  and  the  main  bearings  of  engines,  upon  which  the  load 
is  often  very  considerable,  the  pedestals  are  always  so  designed  that 
bearings  or  steps  can  be  replaced  with  new  ones  when  much  worn. 

Even  now  many  very  primitive  designs  are  in  use,  which  not  only 
cause  needless  waste  of  oil,  but  also  of  power,  for  the  friction 
coefficient  is  much  larger  than  it  should  be.  The  shaft,  in  the  cases 
alluded  to,  runs  upon  a  bronze  bearing,  and  to  prevent  the  lubricant 
running  oif  at  the  sides,  and  being  wasted,  the  latter  is  only  supplied 
in  small  quantities.  The  proper  lubricating  pad  or  film  is  con- 
sequently unable  to  form,  and  the  faces  are  always,  to  some  extent, 
abrading  each  other.  On  this  account,  pure  mineral  oils  deficient  in 
grcasiness  give  but  poor  results  when  used  for  such  bearings. 

An  improved  pedestal,  shown  in  fig.  106  (p.  411),  is  now 
being  very  extensively  used.  Only  a  short  arc  of  the  cap  and 
brass  are  in  contact,  or  nearly  so,  with  the  shaft,  the  spaces  at  the 
sides  being  occupied  by  felt  pads  kept  moistened  with  oil  from  a 
siphon  lubricator.  With  this  arrangement,  the  frictional  losses  are 
comparatively  small.  Better  bearings  even  than  these  are  now  being 
brought  into  use.  They  are  so  contrived  that  the  lubricant  is  thrown 
over  the  sliaft  is  a  continuous  stream,  forms  a  thick  lubricating  film, 
and  is  again  returned  to  the  bearing  after  passing  into  a  reservoir 
below.  Under  these  conditions  the  lubrication  is  perfect,  i.e, 
viscosity  has  free  play,  and  mineral  oils,  with  a  slight  admixture  of 
fatty  oils,  answer  admirably,  if  the  surfaces  be  of  the  proper 
materials. 

In  such  bearings  the  lubricant  is  in  continuous  circulation,  the 
same  charge  often  lasting  for  nearly  twelve  months. 

Fig.  107  shows  such  a  bearing,  made  by  the  Brush  flngincering 
Co.,  Ltd.,  Loughborough.  Here  the  pedestal  forms  an  oil  reservoir 
from  which  the  lubricant  is  raised  by  means  of  an  endless  chain 
slung  upon  the  shaft,  by  which  it  is  kept  in  motion.  The  lower 
part  of  the  chain  dips  into  the  oil-bath  and  carries  up  with  it 
a  thick  film  of  oil,  which  is  distributed  over  the  top  of  the  shaft 
through  the  longitudinal  oil-ways.  To  prevent  the  oil  being  thrown 
about  and  thus  wasted  when  it  is  expressed  at  the  ends  of  the 
bearing,  splashers  are  cast  at  the  ends  of  the  pedestals,  to  collect 
and  return  the  oil  to  the  reservoir. 


Some  care  is  neceannry  in  selectitig  the  material  of  which  to  make 
the  oil-lifting  chains,  for  the  lubricant  ia  apt  to  become  somewhat 
acid  with  age.  Iron,  ateel,  or  brass,  used  alone,  work  well,  but  on 
no  account  shuiild  two  varieties  of  brass  or  steel  be  used  together, 
one  for  tlie  pins  and  another  for  the  links,  as  they  net  up  electro- 
Dhemioal  action,  which  destroys  them. 


Tn  this  design  the  bearing  is  a  long  one,  suitable  for  a  high-speed 
dynamo  or  motor  shaft.  The  brasses  and  their  cast-iron  supports 
are  held  in  position  by  a  bnll-aiid -socket  arrangement,  which  allows 
them  perfect  freedom  lo  adjust  themselves  so  as  not,  under  any 
conditions,  to  throw  awkward  strains  upon  the  brasses. 


A  aelf-adjusiing  bearing  which  has  some  good  features  has  been 
dcisigned  by  G,  F.  Thompson.  The  construction  of  the  bearing  is 
shown  in  fig.  lOS,  A  and  11.  The  step,  as  will  be  seen,  is  supported 
on  ring-shaped  bearings  or  collars  which  are  turned  so  that  the 
surfaces  by  which  they  rest  on  the  phimnier-blocks  are  portions  of  a 
sphere.  The  lubrication  ia  effected  l)y  an  oiling  collar,  revolving  with 
the  shaft  and  dipping  into  the  oil-well  below  j  the  oil  adhering  to 
this  collar  is  scraped  ofT,  as  the  latter  revolves,  by  a  spring  scraper 
at  the  top,  and  Hows  thence-  into  an  upper  oil-well,  from  which  it 
passes  by  oil-ways  to  the  journal. 
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In  the  bearing  made  by  Thomu  P&rker,  Limited,  WolTerhunpton, 
shown  in  fig.  109,  the  oil  ie  lifted  from  the  reserroir  by  means  of  a 
loose  ring  threaded  on  to  the  shaft  In  other  cases  a  Iook  collu 
takes  the  place  of  the  chain  or  ring,  whilst  some  makera  of  beahiigE 
place  a  felt  pod  along  the  top  of  the  upper  brass,  to  act  as  a  Btraiaer 
for  the  oil.  The  pedestal  casting  in  such  cases  forms  a  splasher 
projecting  beyond  the  hearing,  and  serves  to  collect  the  oil  thrown 
out  at  the  ends  and  return  it  to  the  reservoir.  When  the  speed  is 
veiy  great,  the  oil  is  liable  to  be  thrown  off  the  ring  or  collar,  instead 
of  reaching  the  bearing. 

Lasche  points  out  that  ring  lubrication  for  high-speed  motor 
bearings  should  only  be  used  when  the  heat  produced  by  the  frictitai 
can  be  sufficiently  earned  away  by  the  metallic  parts  and  by  radia- 
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tion  or  water  cooling.     In  other  cases,  forced  lubrication  (see  p.  402) 
should  be  employed. 

When  the  shaft  ia  heavy,  it  is  well  to  make  the  lower  brass  rest 
in  a  cylindrical  seating  coucentrio  with  the  shaft,  and  to  prevent  it 
from  rotiitiiig  by  suitably  shajnng  the  bearing  surfaces  of  the  brass 
in  the  cap.  This  enables  the  lower  brass  to  be  removed  hy  merely 
turning  it  round  when  the  shaft  has  been  lifted  only  a  fraction  of  an 

In  scii]c  instances,  the  direction  in  which  the  load  acts  is  not  by 
any  means  a  vertical  one,  owing  to  the  strain  of  a  belt  or  some  other 
lateral  force.  The  dividing  line  between  the  brasses  should  then  he 
at  right  angles  to  the  direction  of  the  resultant  pressure  on  the 
journal,  and,  therefore,  not  horizontal. 

The  practice  of  making  the  brasses  in  three  or  more  pieces  is  some- 
times resorted  to,  as  it  enables  the  wear  to  be  taken  up  without 
removing  the  bearing  pieces.     In  many  oases,  howerer,  the  diTiaioa 
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between  the  separate  pieces  allows  the  lubriuant  to  escape  jiwt  where 
the  maximum  pressure  of  the  supporting  film  ehoiild  be,  whilst  in  nil 
such  caaeB  the  euslaining  power  is  reduced  nnd  the  friction  coefticient 
increased.  When  there  is  only  one  brass  the  shaft  eau  move  into 
that  position  which  has  been  shown  to  give  the  lowest  coefficient  of 
Friction ;  but  when  the  beariog  consists  of  two  or  more  separate 
pieces  of  metal,  each  bearing  piece  miiGt  be  free  to  tnove  somewhat 
and  adjust  itself  bo  as  to  occupy  its  proper  position  with  regard  to  the 
shaft,  and  each  '  on  '  edge  must  be  properly  lubricated.  When  sucli 
adjustments  cannot  freely  take  place  and  the  load  is  considerable, 
the  bearings  give  a  high  coefficient  of  friction  and  easily  run  hot. 

For  high  speeds  it  has  been  found  advisable  to  make  the  hearings 
of  large  area,  and  cost  iron  is  theu  often  used,  for  the  loads  per  square 
inch  in  such  cases  are  araaU.  The  longer  the  bearings,  tlie  more 
necessary  does  it  become  to  construct  them  as  shown  in  figs.  107  and 
108,  so  that  no  undue  strain  shall  be  thrown  upon  their  ends  if  the 
shafting  should  be  bent  or  somewhat  out  of  line. 

Many  high-speed  bearings  are  now  not  only  fitted  with  two  rings 
or  chains  slung  ou  the  aile  and  rotating  with  it  so  as  to  pick  up  the 
oil,  but  they  liave  also  small  oil-pumps,  driven  by  a  cam  on  the  axle, 
which  deliver  the  oil  on  to  the  bearing  in  a  constant  stream.  Such 
extreme  precautions  against  the  possibility  of  a  failure  in  the  proper 
supply  of  the  lubricant  are  by  no  means  unwarranted,  for  they  ensure 
B  low  coefficient  of  friction,  and  almost  wholly  prevent  wear  of  the 
bearing  surfaces. 

Axlelioxeii  for  Oil. — In  the  case  of  the  bearings  of  railway  vehicles, 
the  brass  or  step  rests  upon  the  journal,  and  the  load  acts  vertically 
downwards.  The  journal  usually  projects  beyond  the  wheel,  and  can 
be  enclosed  in  a  dust-proof  box  fitted  with  a  door  at  the  front  to 
enable  the  condition  of  the  journal  to  be  ascertained  at  any  moment. 
Hut  on  some  locomotive  engine  bearings,  the  aile-box  is  placed  inside 
the  wheels,  and  caunot  be  designed  on  quite  the  sameliues  as  railway 
couch  bearings. 

Locomotive  driving  and  trailing  bearings  are  of  bronze  lined  with 
white-metal,  the  Inbricant  being  supplied  by  siphons  fixed  aliove  them. 
In  some  instnnces  an  oil  reservoir  is  placed  in  the  axle-box  keep,  and 
a  lubricating  pad  fixed  therein,  so  as  to  press  against  the  under-side 
of  the  axle. 

The  method  of  cuttin<;  oil-ways  along  the  centre  of  the  hearings  and 
making  it  n  good  tit  at  the  sides,  which,  in  the  case  of  driving  wheel 
bearings,  is  considered  to  be  the  best  practice,  is  not  always  followed 
in  the  case  of  other  locomotive  engine  bearings,  for  the  driving  axle 
has  to  carry  the  thrust  of  the  piston  as  well  as  the  vertical  load, 
The  groove,  by,  to  some  extent,  preventing  the  pressure  lilm  from 
Forming,  causes  the  crown  of  the  bearing  to  wear  more  rapidly  than 
it  otherwise  would  do,  and  tends  to  prevent  the  side  thrust  of  the 
connecting  rod  from  developing  side  play.  The  trailing  wheel  bearing, 
on  the  other  hand,  is  cut  away  at  the  sides,  the  arc  of  contact  being 
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about  90*,  so  as  to  give  the  oil  free  aooess  from  the  pad  to  the  crown 
of  the  bearing.  The  single  grooTe  along  the  orowa  is  also  BOmebmes 
replaced  by  oil-ways  which  enclose  the  area  over  which  the  presaare 
film  should  form.  Locomotive  engine  axle-boxes  which  are  placed 
inside  the  wheels,  and  are  uot  fitted  with  a  door  to  enable  the  pftd 
to  be  easily  got  at  and  cleaned,  have  auxiliary  siphon  labricatioD 
appliances.  Provision  must  be  made  in  many  cases  to  take  the  thrust 
due  to  the  brake  blocks  by  making  the  arc  of  contact  of  bearioga  and 
axle  of  sufficient  width.  Locomotive  bearings  lined  with  good  white- 
metal,  and  having  an  oil-way  across  the  centre  of  the  braas,  will  oarry 
375  lbs.  per  square  inch,  the  width  of  the  step  being  oalculAted  on  an 
arc  of  about  90°. 

The  moat  satisfactory  tender  and  bogie  axle-boxes  are  construoted 
upon  the  lines  of  those  used  for  the  coaching  stock,  diuwings  of  some 
of  which  will  now  be  given. 

For  railway  vehicles  which  have  brake  blocks  on  both  aides  of  the 
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wheel,  and  are,  therefore,  only  subject  to  slight  lateral  pressure,  the 
best  practice  is  to  make  the  arc  of  contact  short,  the  brass  long  in  a 
direction  parallel  with  the  shaft,  and  to  supply  the  lubricant  by  means 
of  a  pad  pressed  ft{,'iiiiist  the  under-side  of  the  journal. 

An  axle-box  of  this  kind  is  shown  in  fig.  110.  Here,  the  lower 
portion  of  the  box  forms  a  reservoir  for  the  oil,  into  which  thick 
cotton  wicks  hang  from  the  pad.  The  oil  rises  in  the  capillary  pores 
and  kcei)S  the  pad  and  journal  well  moistened.  The  bross  is  a  loose 
piece  which,  by  lifting  the  box  a  short  distance  from  the  axle,  can  he 
taken  out  and  examined  when  the  door  at  the  front  is  open.  Ko  oil 
grooves  or  holes  of  any  kind  are  out  in  the  face  of  this  brass,  as  they 
would  more  or  less  prevent  the  pressure-film  from  forming  properly. 
To  prevent  the  oil  from  escaping  from  the  box,  and  to  keep  out  dust 
and  dirt,  the  door  is  made  a  good  fit,  whilst  on  the  inside  the  axle  is 
grasped  by  wooden  shutters  sliding  in  grooves.  All  the  oil  expressed 
at  the  inside  edge  of  the  brass  passes  into  the  small  auxiliary  reservoir, 
and  is  picked  up  by  the  disc  fixed  to  the  axle  and  transferred  to  the 
bearing  by  a  wiper. 
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Owing  to  tlie  fact  that  these  boiea  are  kept  cool  by  being  brought 
into  contact  with  the  open  air,  and  that  there  ia  a.  good  deal  of 
vibrntion  And  variation  in  the  direction  nad  intensity  of  the  jireesHre 
between  the  surfaces,  the  bearings  can  be  made  to  carry  tieavier 
loads  than  can  stationary  bearings  of  ijimilar  design,  running  at 
equally  high  speeds. 

In  this  country  it  is  the  custom  to  make  the  steps  of  bronze,  aud 
to  lubricate  with  mixed  oils.  It  would  seem,  however,  that  when  the 
bronze  is  replaced  by  a  suitable  white  metal,  pure  miueral  oils  can  bo 
used  and  a  great  saving  effected  in  the  cost  of  the  lubricant.  The 
.  customary  load  put  upon  hearings  of  high-speed  vehicles  is  about 
250  lbs.  per  square  inch.  Boies  of  this  description,  when  used  for 
locomotives  and  tiieir  lenders,  work  most  satisfactorily  when  the 
spring  realB  u])on  an  indojiendent  plate  interposed  between  it  and 
the  axle-box.     This  plate  is  so  guided  that  tlie  aile-box  may  move 
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independently  of  the  spring  and  thus  prevent  irregular  strains  being 
placed  upon  the  bearing. 

~reate  Buwki. — A  fluid  lubricant  is  only,  as  a  rnle,  used  for  the 
axle-boxes  of  quiokly-raoving  vehicles ;  for  wagons,  grease  is  often 
preferred,  the  friotioual  roflistanco  at  starting  being  smaller  with 
plitstia  lubricants  than  with  fluid  ones. 

A  grease  t)0)i,  Ellis'  (intent,  such  as  is  used  on  mineral  wagons,  is 
shown  in  Gg.  lit.  In  some  resiiects  it  resembles  the  box  used  for 
oil,  but  differs  from  it  in  the  important  particular  that  the  lubricant 
ia  supplied  through  largo  holes  near  the  ends  of  tlio  bearing,  the 
melting- iioint  of  the  grease  being  such  tliot  if  the  bearing  becomes 
ft  little  warm  the  greasu  becomes  fluid,  and  finds  its  way  upon  the 
I  journal . 

Spindle  /yBiirinpn.— Parsons  has  introduced  a  very  ingenious 
I  bearing  Tor  shafts  running  at  snuh  extremely  high  speeds  us  SOilO 
1  revolutions  per  minute.  It  is  impossible  ta  buliuice  such  quick- 
f  runiiiD;;  abafts  so  accurately  thttl  the  centre  of  gyration  shall 
coincide  with   Llic    ct'ntre   lino  of  the  journal.     To  prevent  hwI'*^ 
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pnamiR  bcin^  pat  apoa  the  bearing,  and  also  tfae  Tibratioa  MA 
vuuU  Tcwili  frocu  niakiDg  tbe  shaft  a  BODiewhat  loose  fit,  tk 
iB»«itor  liireada  upon  the  shaft — one  upon  the  other— serenl 
bosha.  the  ootoide  one  of  which  fits  tfae  pedestal  cmsting.  BertOB 
each  bosh  oil-dlma  form,  which,  by  their  nscoaitv,  damp  out  ill 
Tibntiooa.  All  the  bushes  need  not  be  free  to'  rotate.  That 
beutn^are  often  used  for  the  shaft  of  Z^usoa's  turbo-motor  «*« 
the  speed  »  hiab,  the  ofl  beEng  supplied  continuously  to  the  bearbf 
by  means  ol  a  pomp,  which  keeps  op  a  constant  circulation  of  oil. 


Fio.  lia.—Kng  Spindle. 


The  bearing  surfeces  of  moderately  high-speed  Bpiudles  are  nearij 
always  vonedj  so  that  any  wear  can  be  taken  up  by  moving  the 
peilestfil  or  spindle  laterally,  and  tfae  surfaces  upon  which  tbe 
spiudles  run  are  often  made  of  white-metoL  The  best  spindles  are 
obtained  by  shaping  them  from  hard  rolled  bare  of  steel,  the  metal, 
in  this  state,  being  flexible  and  of  very  eren  texture. 

The  ring  sfundlee  oaed  in  textile  mills  for  spinning  the  finer 
eouDts  of  oottoa  and  aUk  run  in  a  bath  of  thin  mineral  oil,  which 
-*i  of  10.000  revolutions  per  minute  to  be  attsined. 
wtioD  of  a  ring  spindle  of  the  'flexible' 
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type  manufactured  by  Messrs.  Piatt  Bros.  &  Co,  of  Oldham.  The 
ateet  sjMndle  A,  lo  which  ate  firmly  attached  the  aleeve  II,  the  cup 
C,  which  holds  the  bobbin,  and  the  wharve  I),  which  veceivc-H  the 
driving  band,  rotates  in  a  perforated  tube  or  bolster  K,  iu  the  bolster- 
holder  H,  which  is  fixed  to  the  rail  of  the  spinning  frame.  The 
brass  oil-tube  K,  containing  sufficient  oil  to  nearly  (ill  it  when  iu 
position,  ia  inserted  into  the  bolster- holder  from  below  and  secured 
by  means  of  the  caat-irou  nut,  L,  and  a  leather  washer.  The  oil 
entering  the  tubular  bolster  through  tlie  perforations  keeps  the 
apindle  perfectly  lubricated.  The  detachable  oil-tube  enables  the 
dirty  oil  to  be  emptied  out  and  the  tutes  to  be  replenished  with 
clean  oil  whilst  the  spindles  are  running,  and  without  risk  of  soiling 
the  yarn,  bobbin,  or  rings.  This  only  requires  doing  once  every 
three  or  four  months. 

Another  pattern  of  ring  spindle,  manufactured  by  the  same  firm, 
is  shown  in  fig.  U2B.  In  this  type  of  spindle  the  lulirieant  ia 
supplied  through  a  front  oil  spout,  which  also  can  be  filled  or 
emptied  as  the  spindle  runs. 

Loose  Pulleys. — Loose  pulloya,  as  a  rule,  are  merely  bnshed  with 
bronze,  and  run  upon  accurately  turned  shafts,  their  lateral  motion 
being  prevented  by  the  fixed  pulley  on  one  side  and  a  collar  on  the 
other.  Sometimes  such  pulleys  are  only  supplied  with  a  drop  of  oil 
occasionally ;  in  other  instances  they  have  screwed  into  tbem  a  small 
oil-cup  which  feeds  very  slowly. 

Smith's  aelt-oiling  pulley  is  shown  in  fig.  113,  The  boss  of  the 
pulley  is  made  of  sufBcient  diameter  to  give  room  for  a  large  bush, 
which  is  chambered  externally,  so  that,  when  in  position,  il  provides 
a  largo  annular  space  for  oil.  The  chamber  is  interrupted  by  three 
perforated  ribs,  which  serve  to  cany  the  oil  round  when  the  pulley 
is  in  motion,  and  te  stiffen  the  bush.  From  this  chamber  the  oil,  as 
it  is  carried  up,  passes  to  the  bearing  through  a  number  of  radial 
holes  in  the  bush,  bchig  prevented  from  escaping  at  the  ends  by 
two  circular  grooves  having  oil-ways  connecting  them  with  the  oil- 
chamber.  The  portion  of  the  shaft  upon  which  the  pulley  runs  is 
thus  regularly  and  automatically  lubricated,  and  when  supplied  with 
ft  non-gumming,  fairly  neutral  lubricant,  only  needs  occasional 
attention. 

Variable  Ijoad  Jiearinge. — Crank  pins,  cross-head  pins,  and  all 
bearings  upon  which  the  direction  of  the  load  is  quickly  reversed  aud 
the  limiting  surfaces  thereby  periodically  parted,  will  cairy  eitremely 
heavy  loads.  In  snoh  cases  the  lubricant  is  drawn  in  between  the 
surfaces  as  they  part,  whilst  the  load  remains  on  the  bearing  for  so 
short  a  time  that  the  oil-film  is  only  partially  pressed  out.  But 
these  conditions  do  not  nt  all  times  prevail,  especially  in  looomotive 
engines,  which  have  to  start  away  with  a  heavy  load  Iwhind  them. 
Tlie  bearings  upon  which  the  iron  or  steel  umnk-pin  is  pressed  have 
O0iiae<]uently,  In  such  cases,  to  be  made  of  very  hard  white-metal, 
which  will  nut  wpic-L'^o  oat  under  the  groat  presGuro  put  ufioit  It, 
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It  must  not  be  assumed,  however,  that  the  pressure  on  the  crank- 
pin  is  measured  by  that  of  the  steam  on  the  piston,  for,  at  ordinary 
running  speeds,  the  inertia  of  the  moving  parts  tends  to  equalize  the 
pressures  on  the  pin  very  considerably. 

The  load  on  a  cross-head  pin  may  be  made  much  greater  than  that 
put  on  a  crank  pin,  the  angular  motion  of  the  cross-head  and,  there- 
fore, the  work  done  upon  it,  being  much  smaller. 

A  method  of  lubricating  the  big-ends  of  locomotive  connecting  rods 
is  shown  in  fig.  114.  Such  big-ends  seldom  run  for  more  than  two 
or  three  hours  without  a  stop,  and  a  large  oil  reservoir  is  not  required. 
The  oil-hole  is  loosely  plugged  with  a  number  of  worsted  strands 
secured  to  a  twisted  wire  support.     Upon  this  plug,  the  lower  end  of 
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Fio.  113. 

which  rests  upon  a  piece  of  sponge  occupying  a  recess  in  the  brass, 
so  as  to  bo  in  contact  witli  the  crank  pin,  the  oil  splashes  as  the  crank 
moves.  Another  method  of  supplying  oil  to  the  big-end,  designed 
by  H.  Jessop,  is  shown  in  fig.  115.  Here  a  loose  central  valve, 
having  a  very  small  lift,  is  placed  in  the  oil-hole.  This  valve,  except 
at  very  low  speeds,  is  thrown  from  its  seat  at  each  revolution  of  the 
wheel,  and  allows  a  small  quantity  of  oil  to  pass  to  the  bearing. 
Such  contrivances  have  been  found  to  give  very  good  results,  as  they 
do  not  easily  become  choked  with  sediment  or  gum  up. 

The  lubrication  of  the  connecting-rod  big-ends  of  high-speed 
stationary  engines,  which  have  to  work  many  hours  without  stopping, 
is  generally  effected  from  a  fixed  reservoir  which  supplies  oil  to  the 
bearings  as  they  rotate.  A  common  appliance  consists  of  a  ring- 
shaped  channel  rotating  concentrically  with  the  shaft.     Oil  dropped 
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inside  this  ring  is  throivu  by  centrifugiil  force  iuto  a  pipe  arranged  to 
deliver  the  oil  to  the  bearing  through  a  hole  drilled  in  tlie  crank  pin. 
Another  plnii  is  to  fix  ft  knife  edge  above  the  counectingrod  lubri- 
cator, in  such  a  position  that  it  strikes  an  oily  pad  once  during  each 
revolution,  and  wipes  off  the  oil  with  which  the  pad  is  moistened. 

The  eocenlrius  of  steam  engines  work  under  much  the  same  condi- 
tions as  the  crank  pins.  Owing,  Iiowever,  to  their  large  diameter, 
the  velocity  of  rubbing  is  greater,  and  they  will  not  carry  such  heavy 

The  rociprocatiug  motion  of  an  eccentric  is  generally  ao  small,  evt-n 
when  running,  that  ordinary  siphon  oil-cups  are  easily  filled  by  hand. 
When,  however,  the  speeds  are  great,  tiic  oil  is  led  through  pipes 
leading  Trom  siphon  lubricators  to  wipers.  The  eccentric  straps  of 
locomolives  are  usually  made  of  steel  or  iron  lined  wilh  white-metal 
which  works  upon  oaat-iron  sheaves. 


Flo.  114,  Fio.  lib. 

/'inn  with  lieeiprocatiti'j  Mo/imi.—ln  piauy  cases  pins  have  to 
carry  a  steady  load,  and  the  surfaces  only  move  relatively  to  euoh 
other  through  a  stnall  angle.  In  some  instances,  the  load  that  cnn 
with  safety  be  put  upon  the  lieariug  is  only  small ;  a  greasy  lubricant 
must,  therefore,  be  used  and  the  surfaces  hardened.  The  slow  recipro- 
cating motion  of  the  surfaces,  and  the  constant  pressure  upon  them, 
tends  to  expel  the  oil  from  the  faces  rather  than  to  draw  it  between 
them.  Such  bearings  are  by  fur  the  most  dJliictiU  to  lubricate  and 
keep  ill  order,  especially  if  every  care  has  not  been  taken  to  make 
them  of  such  metals  as  will  work  well  together.  If  the  oil  bo  supplied 
by  one  groove  running  along  the  side  opposite  to  that  which  oarnes 
the  pressure,  there  is  very  little  chance  of  its  )>eing  able  to  spread 
itself  over  the  rubbing  surfaces.  Two  jianillel  grooves,  one  on  eiLch 
■idc  of  the  centre  lino  of  the  load,  not  very  far  apart,  and  arranged 
■0  that  all  parte  of  the  surface  shall  be  gx|iosoi1  to  tho  oil  resting  in 
them  during  some  [wrtiou  of  the  motion,  servo  their  purpose  most 
Hutisfactorily. 

Plane  Surface  Bearittge. — The  princijial  forms  of  bearings  of  this 
dcwription  are  sliile  lilocks.  cnllnrs,  and  {livots. 

HlHe  Blnrk*. — When  it  is  necessary  to  so  cnnstrn-n  a  moving  piucc^ 
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or  any  part  of  it,  that  the  motion  shall  be  one  of  translation  only, 
straiglit  guiding  surfaces  termed  slides  and  slide-blocks  are  generally 
used.  Parallel  link-motions,  although  they  give  a  much  smaUer 
coefficient  of  friction  when  new,  are  more  complicated,  and  the  effects 
of  wear  are  not  so  easily  allowed  for. 

The  loads  at  which  oil  pressure-films  can  form  on  plane  surfaces 
being  only  moderate  ones,  slide-blocks  are  generally  of  cast  iron 
working  upon  cast  iron  or  steel.  The  slide-blocks  are,  however, 
sometimes  lined  with  gun-metal  or  white- metal  when  the  speeds  are 
great.  In  America,  chilled  cast-iron  surfaces  have  been  introduced. 
The  chilling  is  effected  in  diagonal  strips  separated  by  equally  broad 
spaces  of  soft  metal.  This  gives  the  surfaces  that  degree  of  uneven- 
ness  which  enables  the  oil  to  be  trapped  and  so  keep  the  surfaces 
apart.  Oil- ways  may  be  cut  in  long  slide-blocks  so  as  to  distribute 
the  oil  over  the  surfaces  and  enable  it  to  reach  the  edges  ;  but  as  the 
latter,  if  properly  cut,  do  not  quite  reach  the  edges,  the  oil  cannot 
readily  escape. 

The  loads  carried  by  slide-blocks  range  from  20  to  120  lbs.  per 
square  inch,  according  to  the  speed  and  the  nature  of  the  rubbing 
surfaces.  At  the  lower  pressures,  cast  iron  works  well  upon  cast 
iron,  but  when  100  lbs.  per  square  inch  is  reached,  gun-metal  or 
white-metal  upon  hard  steel  must  be  used.  When  the  load  is  light 
and  the  lubrication  good,  the  wear  is  very  small  indeed,  especially  if 
the  slide  be  a  horizontal  one  and  able  to  retain  the  lubricant. 

Engine  slides  are  usually  made  plane,  but  when  the  crank  is  not 
a  fixture  it  is  well  to  form  the  slides  so  that  their  surfaces  are  con- 
centric with  the  centre  line  of  the  cylinder.  The  cross-head  then 
has  freedom  to  rotate  with  every  change  of  angle  of  the  crank  shaft 
The  lubrication  of  slides  is  best  effected  by  siphon  cups  or  other 
di-op-fced  contrivances,  placed  towards  the  ends  of  the  bars,  where 
the  blocks  pause,  or  only  move  slowly. 

As  a  sup}X)rt  for  piston  tail-rods,  Messrs.  Musgrave  &  Sons  have 
introduced  Buckley's  device,  which  is  a  sheave  rotating  in  an  oil- 
bath.  The  rod  rests  upon  the  sheave,  and  the  load  is  carried  by  the 
pin  upon  which  it  rotates. 

CoUar-hearin(j}t,  —  Collar-bearings,  unlike  slide-blocks,  which  only 
serve  as  guides  for  moving  parts,  and  only  have  to  bear  intermittent 
loads,  have,  as  a  rule,  to  carry  the  thrust  resulting  from  the  weight 
of  heavy  shafts,  or  that  produced  by  the  pressure  of  the  water  on 
the  blades  of  a  screw.  To  enable  them  to  carry  the  heavy  weights 
this  entails,  the  areas  of  their  rubbing  surfaces  must  be  large,  for,  if 
the  faces  are  not  to  actually  rub  against  each  other,  and  are  to  be 
separated  by  a  viscous  film,  the  loads  per  square  inch  must  be  small. 
With  thrust  bearings,  and  in  cases  where  it  is  important  that  the 
efliciency  should  bo  high,  bath  lubrication  is  resorted  to. 

Tower's  experiments  on  collar  friction  were  made  with  very 
imperfect  lubrication,  only  just  sufficient  oil  being  supplied  to  keep 
the  surfaces  from  seizing.     Under  such  conditions  it  appears  that  70 
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or  80  lbs.  per  square  inch  is  the  utmost  that  cau  be  put  upon  such 
a  beariug  with  safety,  and  when  the  speed  is  great  even  smaller 
loads  than  these  must  be  used. 

The  collars  which  carry  the  loads  in  drilling  machines,  lathes,  etc., 
have  such  heavy  loads  put  upon  them,  that  to  prevent  seizing,  the 
surfaces  are  made  of  the  haixiest  steel,  have  numerous  oil- ways  cut 
in  them,  and  are  lubricated  with  good  fatty  oils.  Small  bearings 
with  hardened  faces,  such  as  the  spindles  of  drilling  machines, 
where  the  load  is  taken  off  occasionally,  have  steel  faces  which  often 
work  under  pressures  as  high  as  300  lbs.  per  square  inch,  and,  in 
exceptional  cases,  as  much  as  half  a  ton  per  square  inch  has  been  put 
on  a  collar  for  a  short  time. 

To  ensure  the  proper  lubrication  of  the  faces  of  the  thrust  blocks 
against  which  screw-shaft  collars  work,  the  thrust  block  faces  are 
cut  away  in  such  a  manner  that  the  collars  are  exposed  in  places 
and  dip  into  an  oil-bath,  or  press  against  an  oiled  pad.  In  this  way 
fairly  perfect  lubrication  is  secured,  provided  the  load  be  not  greater 
than  70  lbs.  per  square  inch.  However,  as  the  efficiency  of  a  thrust 
block  at  the  best  is  not  high,  the  heat  liberated  is  great,  and  the 
block  must,  when  the  bearing  is  a  large  one,  be  kept  cool  by  a 
water  jacket. 

Pivot-heaHngs,  —  When  the  thrust  to  be  carried  acts  upon  a 
vertical  shaft,  instead  of  carrying  the  load  on  collars  the  end  of  the 
shaft  may  rest  upon  a  circular  face  or  pivot-bearing.  This  form  of 
bearing  permits  of  bath  lubrication,  for  the  footstep  may  be  so 
designed  that  it  forms  a  vessel  which  can  be  kept  full  of  oil. 

Fig.  116  shows  a  bearing  surface  such  as  Tower  used.  The  oil  is 
admitted  through  the  centre  hole  and  passes  into  two  radial  grooves. 
From  these  grooves  the  lubricant  is  carried  between  the  surfaces, 
and  is  expelled  by  the  pressure  upon  the  pivot.  The  track  of  the 
oil  varies  at  different  parts  of  the  surface,  a  portion  being  expelled  at 
the  edges.  This  sets  up  a  continuous  circulation  of  the  oil  from  the 
centre  of  the  bearing  to  the  margin  of  the  footstep,  and  up  between 
the  cylindrical  portion  of  the  bearing  and  surrounding  bush. 

The  only  reliable  experiments  on  the  friction  and  sustaining  power 
of  pivot-bearings  are  those  made  by  Tower  with  this  pivot.  In 
these  experiments  are  given  the  greatest  loads  which  he  found  a 
pivot-bearing  would  carry  without  actual  abrasion  of  the  surfaces 
taking  place.     For  the  actual  results,  see  p.  70. 

Fig.  117  represents  a  footstep-bearing  somewhat  similar  to  one 
designed  by  Ford  Smith.  Here  the  circulation  is  as  shown  by 
Tower,  but  the  actual  bearing  consists  of  four  discs  of  hardened  steel 
all  perfectly  free  to  revolve  with  the  pivot.  Through  the  centre  of 
all  four  washers  is  drilled  an  oil  hole,  and  radial  grooves  are  cut  in 
the  faces.  The  passages  C  enable  the  oil  to  circulate  between  the 
washers  and  up  the  side  of  the  shaft.  By  using  four  washers,  five 
friction  surfaces  are  formed,  and  the  films  are  increased  in  number 
to  the  same  extent. 
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This  enables  the  temperature  of  the  filme  to  be  kept  more  nearlj 
that  of  the  masses  oF  metal,  and  should  one  become  a  little  orer- 
heated  and  tend  to  seize,  the  other  faces  move  relatively  faster 
aud  allow  it  to  cool  again.  As  a  means  oF  relieving  any  local 
pressure  which  might  result  from  the  springing  of  the  shaft,  it  has 
been  suggested  that  one  of  the  looee  washers  should  be  made  convex 
on  one  face,  as  shown,  so  as  to  fit  in  a  concave  face  on  the  opposing 
washer  or  pivot 

When  the  pressures  exceed  160  lbs.  per  square  inch,  the  sur&ces 
must  be  made  of  hardened  steel  working  upon  a  similar  face,  or  upon 
dense  cnat  iron  or  bronze.  Should  the  load  i>er  square  inch  exceed 
300  or  400  lbs.,  a  force  pump  must  be  resorted  to,  and  a  continuous 
stream  of  the  Inbricant  forced  between  the  pivot  and  footstep     As 


Flu.  116, 


Fiu.  117. 
e  inch  can  be  supported  by  this 


much   as    1    ton  per  s( 
without  any  difficulty. 

PUt'yn-riMl  Packings. — The  conditions  under  which  the  beariug 
surfaces  of  piston  rods  work,  although  the  surfiices  are  of  cylindrical 
form,  are  very  diflereut  from  those  of  journals  or  shafts,  for  the  motion 
is  a  longitudinal  instead  of  a  rotary  one.  It  is  seldom  that  they  are 
used  as  guides,  the  load  on  them  being  restricted  to  that  resulting 
from  the  devices  used  to  take  up  the  wear  nnd  keep  the  joints  steam- 
tight.  It  is  tho  slide-blocks  and  piston  head  which  should  be  made 
to  act  as  guides,  and  if  these  be  not  accurately  fixed  iri  line,  or 
become  a  little  loose  by  wear,  the  packing  will  blow,  unless  it  is  made 
free  to  move  laterally  with  the  rod. 

I"  fig.  lis  is  shown  a  form  of  metallic  packing,  known  as  the 
'  United  Kingdom  Metallic  Packing,'  which  has  given  good  results  ou 
locomotives.  Split  rings  of  white-meUil,  of  triangular  section,  are 
held  in  a  brass  frame,  which  is  free  te  slide  laternlly  against  a  surface 
upon  which  it  is  pressed  by  the  steam  and  a  strong  spring.     As  the 
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whiie-mctal  wuarB  Av^y  it  in  kept  in  contact  with  the  rod  by  the 
presstirc  of  the  spring.  For  such  paokings  to  work  satisfactorily  the 
rod  must  be  quite  true,  and  free  from  sboulder»  at  the  ends.  Good 
lubrication  is  also  absolutely  uecesaary.  It  is  generally  supplied  by 
means  of  a  smuU  siphon  or  drop  lubri- 
aitor  to  a  pad  resting  upon,  or  even 
surrounding,  the  piston  rod,  which 
is  thua  kepE  moistened  with  oil 

Boiling  Contact  Beanngs  — Jmlt 
lirartii/g  — Althuugh  under  the 
conditions  of  running  nhich  usuallj 
obtain  m  practice  well  lubricated 
plain  beanngs  give  good  results 
and  low  ooeftcients  of  friction,  yet 
under  certain  conditions  better  re 
suits  can  be  obtained  with  ball  or 
roller  bearings  The  fonner  ba\e 
a  very  extended  use  for  all  types 
of  cycles,  various  kinds  of  clock- 
work, etc.,  whilst  recently  they  have  found  a  constantly  extending 
field  for  use  on  motor  cars  of  various  descriptions. 

The  coefficient  of  friction  is  not  affected  by  changes  either  in  the 
load  or  speed,  and  only  to  a  very  alight  extent  by  the  viscosity  of  the 
lubricant  which  only  tends  to  replace  solid  friction  by  viscous  friction, 
and  thus  reduce  wear. 

In  all  oases  where  hall  bearings  are  used,  it  is  absolutely  imperative 
that  there  should  be  freedom  from  shook,  for  a  smart  blow  will  either 
break  the  balls  or  destroy  the  accuracy  of  the  surfaces  upon  which 
they  run.  Failure  to  grasp  this  essential  fact  led  to  considerable 
trouble  when,  in  the  early  days  of  automobile  design,  attempts  were 
made  to  use  ball  bearings  for  supporting  the  axles  of  cars  fitted  with 
non-resilient  tyres.  Since  the  general  introduction  of  pueutnatic 
tyres,  which  has  coincided  with  a  marked  improvement  in  the  manu- 
fiicture  of  ball  bearings  themselves,  little  trouble  has  resulted  from 
broken  balls  on  vehicles.  Although  the  crushing  weight  of  a  ball  a 
quarter  inch  in  diameter  is  as  high  as  5000  lbs,,  tlie  load  it  will  carry 
in  general  use  without  breaking  is  only  about  200  lbs. ;  the  orusliing 
load  is  proportional  to  the  square  of  the  diameter  of  the  baO. 

The  bail  bearings  of  cycles  are  arranged  to  be  as  dirt-proof  as 
possible,  and  frequently  are  provided  with  an  oil-bath,  these  precau' 
tiouB  allowing  the  hearings  to  he  kept  clean  and  well  supplied  with 
the  lubricant.  The  balls  run  on  coned  surfaces,  so  designed  that  any 
wear  can  bo  taken  up  by  lateral  adjustment  and  an  accurate  (it 
secured.  The  ball  paths  in  bicycles  are  usually  made  concave, 
their  radii  being  somewhat  larger  than  that  of  the  balls,  the  latter 
having  two  points  of  contact.  When  the  distance  between  the  races 
in  carefully  udjiigted,  and  the  bulls  arc  accurutely  centred  between 
the  faces,  the  frictional  resistance  is  that  due  to  rolling  only,  and  the 
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pressure  on  the  balls  is  merely  that  due  to  the  load.  If,  however,  a 
bearing  is  badly  designed  or  made,  and  the  balls  work  slightly  out  of 
position,  they  jam,  and  the  load  upon  them,  and  consequently  the 

friction,  increases.  Fig.  119 
shows  a  bicycle  bearing  wi^ 
three  points  of  contact^  but  as 
a  rule  two  only  are  employed, 
although  the  type  shown  pre- 
vents any  possibility  of  the  bulls 
becoming  displaced. 

With    motor    car    work   no 
Fio.  119.  means  of  adjustment  is  usually 

allowed,  for  it  is  realised  that 
when  either  a  ball,  or  its  race,  wears,  additional  friction  is  likely 
to  be  set  up,  and  the  best  course  is  to  change  the  bearing.    The 
accuracy  of  workmanship  and  hardness  of  the  wearing  surfaces  is 
so   great   that   little   trouble   is  experienced  in  this  way.     It  has 
been  found  most  advantageous  for  this  class   of   work  to  employ 
separate  bearings  for  taking  up  the  horizontal  and   vertical  loads 
respectively.     The  type  used  for  taking  the  load  of  the  car  is  usually 
similar  to  fig.  120,  which  represents  the  D.W.M.  ball  bearing  made 
by  Messrs.  Ludwig,  Loewe  &  Co.,  the  radius  of  the  race  being,  as 
with  cycle  work,  somewhat  greater  than  that  of  the  ball.     In  some 
cases  the  balls  are  allowed  to  touch  one  another,  although  this  is 
impossible   in   the    type   shown,  as   the  balls  .could   not   then  be 
inserted ;   the  more   usual  custom,  and   the   better  practice,  is  to 
keep    the  balls    separate,  either  by  placing   them    in    a    cage,    or 
separating  them  by  springs  and  pads.     This  was  first  suggested  by 
Conrad.^     The  number  of  balls  is  limited  to  as  many  as  will  fill  one 
half  of  the  bearing,  which  is  then  assembled  and  the  balls  distributed 
by  inserting  the  elastic  distance  pieces.      In  this  way,  all  openings 
and   joints  which   w^ould  be  needed  for  the  insertion  of   a   larger 
number  of  balls  are  done  away  with  and  the  perfect  continuity  of 
the  races  is  not  interfered   with.     In  order  to  take  the  horizontal 
thrust,  in  some  cases  a  V-shaped  race  is  employed,  whilst  in  others 
the  usual  radius  shape  is  used.     In  motor-car  construction  it  often 
happens  that  a  bearing  has  to  resist  both  load  and  side  thrust,  and  in 
this  case  a  single  set  of  balls  is  not  satisfactory  and  a  compound 
bearing  has  to  be  employed.     A  type  of  this  class  is  shown  in  fig.  121, 
which  represents  the  practice  adopted  by  the  Hoffmann  Manufacturing 
CJo.,  who  have  made  a  speciality  of  this  work  for  some  time. 

Roller  BeariTKjs. — In  cases  where  the  load  is  steady,  but  too  great 
to  allow  of  the  use  of  balls,  rollers  are  now  frequently  and  increas- 
ingly used.  The  great  advantage  which  they  possess  over  plain  l)ear- 
ings  for  some  purposes  arises  from  the  small  frictional  resistance  to 
motion  which  they  offer  at  very  low  speeds.  This  is  a  very  important 
consideration  where  heavy  structures,  such  as  swing  bridges,  have 
*  See  a  paper  by  H.  Hess,  Jour,  Ainer,  Soc.  Mech.  Eng.,  vol.  xxvii.  (1905),  441. 
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to  bo  moved,  or  where  auy  heavy  machine  or  vehicle  has  to  be 
started  aud  stopped  frequently,  'Great  Panl,'  the  big  bell  at  St. 
Paul's  Cathedral,  which  with  its  head«tock  weighs  nearly  25  tons, 
now  been  supported  satiBfactorily  on  roller  bearings  for  over  teu 


yean,  and  it  is  stated  that  the  bearing  is  as  good,  and  Llie  bell  as 
easily  worked,  as  when  first  put  up. 

In  addition  to  the  applicatiuu  of  this  class  of  bearing  to  shafting 
and  similar  parts  of  machinery,  it  has  during  the  past  few  years 
been  employed  mi  vehicles  of  various  kinds.  In  order  that  a  roller 
bearing  may  work  successfully,  it  is  essential  not  only  that  the  rollers 
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»liuuM  bo  }Mntllol  ID  Itiomsclvcs,  t>ul  tli«t  thcri.- shtiul'l  be  do  clumte 
of  thcJr  *xca  becoming  wij' 
thing  bui  psmllel  witii  iki 
axis  of  tli«  shaft. 

Fig.  1"23  BhowB  a  bearing 
.-.Jo  by  tl.c-  Kmpire  RolUr- 
?rf!»rin^  Co.,  Ltd.,  iu  «l.wli 
lilt.'  above- III e II tionpJ  con- 
(iition  is  pruvidixl  f'>r  hy 
ining  the  rallen 
tl  Dating  guii-iitetal 
wbii^h  iUelf  slawly  n 
rouii']  tlie  shaft, 
[lurtinulur  boAriiig  she 
m  t]g.  132  ta  for  a 
vobiclc,  and  fig,  133  el 
a  aectiou  of  n  Hioiilai 
used  oil  the  |i.iBsenger 
<if  au  I'lu^lisb  miltinjr. 
till.'  latter  illiistratinii 
will  he  seoii  that  the  end 
thruHt  ia  takuu  up  by 
beariug  pUtc,  and  It 
useential  that  the  rollcni  auil  tbi!  shaft  it«ulF  Hhall  be  true  to 
that  thia  IhniBt  may  not  liecumc  eicesaive.  Stiller  bcariugs 
somewhat  eimilar  type  are  bcini;  succeiisfully  CDiployod  uit  trao 
boavy  motor  cars,  etc,  and  one  great  advaiiiage  which  iber 
is  tho  foot  that  they  require  very  littlu  IiibriijAlioii,  only  suffi 


I 


— UnUtua:!!!  buil  thmrjiij;. 


Fkj.  i'J2.— Eiiijiira  Rulior  Hearing. 

lubricaut  being  needed  to  prevent  the  bearings  frwm  ruatiiig. 
lirst  ixwt,  and    the   dlHiciilty,  in    the  past,  of  prevuiiting  exce 
end-thrust,  have   been  the  only  obstaclea  proveutiug   lliis  lyps  fl 
bearing  from  bein^  very  exteuGivt^ly  odoptod. 

In  tho  Hyatt  roller  bearings  a ,rf(«»'Wr  mller  is  iiBod,  which  ii 
of  a  Nirip  of  atutd  wuniid  into  u  L-uil  or  spring  of  nnifonu  diai»(4 
Tho   chief  advantages  claitned  ft>r    this  construction  art'  LhnlJ 
flexibility  of   the    roller   oiiabl^s    it.   i...   ii'Ij.j.i    it-.-lf 
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irregularities  in  the  jouraal  or  boi,  whilst  tlie  hollow  roller  serves  aa 

The  results  of  a  number  of  friction  tests  with  this  roller  hearing 
were  given  by  Prof.  A.  L,  W'illiston,  in  a  paper  read  before  the 
American  Society  of  Mechanical  Engineers  in  1905.'  I u  one  series 
of  testa,  carrie^i  out  for  the  purposes  of  a  proposed  incline  travelling 
roadwaj,  the  coeHicient  of  friction  of  the  Hyatt  roller  bearings,  cast- 


Fio.  123. — Empire  Roller  Bearing. 


iron  bearings,  and  bronze  bearings  were  compared.  In  order  to 
imitate,  as  far  as  possible,  the  conditions  of  practice,  the  shaft  used 
in  all  the  tests  was  1196  inches  in  diameter,  the  speeds  varied  from 
128  to  586  revolutions  per  minute,  the  total  load  ranged  fmm  1900 
to  8300  pounds,  and  the  same  grade  of  machinery  oil  was  continu- 
ously fed  to  the  bearings  under  a  head  of  about  one  inch.  The 
following  results  were  obtained : — 


BBiTintp.. 

Average 

Coefflcii'iit 
of  Friction. 

Eeva. 

E. 

Average 
Coefficient 
..f  Friction. 

Revs. 

iwr 

Average 
C^fficielit 
of  Krictioti. 

EOVB. 

SI 

410 
682 

Hyatt  rollers.     . 
Cest  iron  (plain), 
Hrouie  (plain),   . 

00114 

0'0648 

o-osrs 

180 

128 
130 

O-OOBS 
0-0692 
O-Oefll 

302 
302 
820 

0-0H7 
0-OS8S 
0-140 

At  the  Inwesl  speed,  the  cast-iron  bearings  seized  at  8300  pounds 

pressure,  and  the  bronze  bearings  at  3GO0  pounds.     At  the  middle 

'  Tmni.  Amer.  Sue.  Meeh.  Engintm,  vol  xxvii.  \i,  49B. 
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speed,  the  bronze  bearings  seized  at  S900  pounds.  At  the  hij^hest 
Bi»eed  used,  the  cast-iron  bearings  seisied  at  5900  pouiids  and  the 
bronz6  bearings  at  3600  pounds.  Hie  roller  be&rings  did  not  seize 
at  all  in  any  of  the  tests. 

In  a  further  series  of  teeta  at  speeds  of  186  and  215  revolutions 
per  minute,  the  friction  was  measured  under  very  much  heavier 
loads  {up  to  23,500  tbs.)  than  could  be  carried  by  either  cast-iron  or 
bronze  plain  bearings,  and  proved  that  these  flexible  roller  bearings 
are  specially  advantageous  when  heavy  loads  are  eQcountered. 


APPLIANCES  POB  LTTBBICATIOH. 

Needle,  Siphon,  and  Drop-fbed  Lubricators. — Although  the  old 
forms  of  lubricators  are  being  dispensed  with  to  a  large  extent  in 
favour  of  more  perfect  automatic  contrivances,  securing  more  or  leas 
perfectly  the  advantages  of  bath  lubrication,  it  is  unlikely  that  they 
will  be  displaced  entirely,  for  there  are  cases  in  which  the  conditions 
of  workiug  are  such  that  the  lubricant  cannot  be  recovered,  and  must 
bo  supplied  continuously  in  small  quantities.  Slide  bars  aud  piston 
rods  are  caaes  in  point  Needle,  uphon, 
and  drop-feed  lubricators  are  largely 
used  for  these  and  other  purposes,  and 
for  shafting. 

The  needie  lubrkaior  shown  in  fig.  124 
consists  of  an  inverted  glass  reservoir 
with  perforated  wooden  stopper,  in 
which  a  metallic  needle  fits  rather 
loosely.  This  needle  rests  upon  the 
shaft.  The  up-and-down  movement  of 
the  needle,  caused  by  the  rotation  of 
the  shaft,  slowly  causes  the  oil  to  be 
expelled  from  the  reservoir,  and  allows 
its  place  to  be  taken  by  air  which 
works  up  post  the  needle.  Changes  of 
temperature  are  apt  to  cause  consider- 
able irregularity  in  the  working  of  this 
lubricator. 

The  tiphon  lubfiealor,  as  used  for 
lubricating  a  piston  rod,  is  ehon-n  in 
fig.  118.  It  consists  of  a  shallow 
reservoir  in  which  the  oil  is  stored,  and 
Fic!.  ]24.-Ncedle  Lubricator.  *  central  tube,  leading  to  the  part  U> 
be  oiled,  and  having  its  upper  orifice 
raised  a  little  above  the  oil  surface.  Through  this  tube  is  passed 
a  wick  of  cotton  or  worsted,  one  end  of  which  is  immersed  in  the 
oil  and  the  other  end  hangs  downwards.  Up  the  capillary  spaces 
between  the  fibres  of  the  cotton  or  worsted  the  oil  makes  its  way. 
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and  piEsing  dovn  the  tiilic,  coDTertii  tfae  capillaries  into  b  niimber 
of  BiTUktl  siphons,  wbkh  slowly  drain  the  oil  out  of  the  reservoir, 
and  thus  lubri»aite  the  oppfsing  surfaces  below.  The  theory  of  this 
action  is  fully  described  in  the  chapter  on  'Superficial  Tension,' 
p.  30. 

The  eiyht  Jrop-feed  luirkalor  (fig.  125),  made  by  Mossra, 
Mather  i^  Piatt,'  consists  of  a  small  reservoir  having  a  passage 
lending  from  the  bottom,  which  can  be  closed 
by  a  tap  in  which  is  a  email  valve  which  can 
be  regulated  as  desired.  The  discharge  orifice 
terminates  in  a  nozzle  protected  by  a  short 
glasB  tube,  which  enables  the  engineman  to 
see  the  exact  rate  of  feed.  Such  lubricators 
are  liable  to  be  stopped  by  hairs,  mucilage, 
dirt,  etc.,  especially  if  the  valve  and  outlet 
orifice  ho  at  the  bottom  of  the  oil-cup,  and  the 
oil  be  not  strained. 

A  combined  tight  drop-feed  ami  siphon 
lubri/rator  is  shown  in  fig.  126.  The  lower 
vessel,  M,  which  has  a  smalt  capacity,  is  pro- 
vided with  the  necessary  number  of  siphon 
tubes  (the  one  illustrated  bos  three)  for  con- 
taining the  cotton  or  woiBted  trimmings  or 
wicks  T.     This  vessel  has  a  hinged  lid  L, 

which    ftffbrda  a   ready  means  of  access   for         p,g  [25 jj^p 

fitting  and  examining  the  trimmings ;  the  lid  Lubricator, 

is  kept  closed  by  a  spring. 

The  tube  U  conducts  the  oil  direct  to  the  point  of  application,  or, 
as  in  the  case  of  an  axle-boi,  to  another  oil-well  of  small  capacity, 
from  which  oil  is  taken  by  further  trimmings  to  the  part  to  be 
lubricated.  The  drop  lubricator,  which  delivers  its  oil  into  M 
through  the  sight  glass  G,  consists  of  an  oil  vessel  A  fitted  with  a 
valve  V,  which  is  used  to  regulate  the  sui>ply  of  oil  from  A  to  M. 
In  the  illustration,  this  valve  is  shown  closed. 

To  open  the  valve  V.  the  end  of  the  spindle  is  raised,  and,  after 
turning  it  through  90°,  the  knife  edge  at  K  is  allowed  to  drop  into 
the  groove  which  is  cut  in  the  top  of  the  adjusting  screw  It  to 
receive  it.  The  flow  of  oil  from  A  to  M  is  regulated  by  raising  or 
lowering  the  nnt  B  until  the  desired  adjustmcut  has  l)een  attained ; 
Fl  can  then  he  secured  hy  tightening  the  nut  C.  The  spring  S  is  for 
the  pnrpneo  of  closing  the  valve  when  the  knife  edge  is  released 
from  the  groove  in  the  top  of  the  nut  H.  The  sent  of  the  valve  V  is 
higher  than  the  bottom  of  the  lubricator,  thus  forming  a  cavity 
which  prevents  sediment  from  being  washed  on  to  the  valve  seat ;  the 
hell  H  is  provided  to  prevent  suttponded  matters  from  settling  on 
Uie  valvH  seat.  A  number  of  air  holes,  O,  are  maile  iu  the  tup  nf 
the  l>ol1. 

■  A.  Ilowat,  Eng.  rutcnlKo.  203'IE  [1893). 
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The  valve  is  provided  with  a  lcM>se  pin  P,  having  a  ball  and  socket 
oounectioii ;  the  body  of  the  pin  fita  the  small  passage  betveen  the 
face  of  the  valve  V  and  the  sight  tube,  the  motion  of  the  machinery 
or  locomotive  to  which  the 
lubricator  is  filed  causing 
the  pin  to  vibrate  and  keep 
the  passage  free  and  the 
supply  of  oil  uniform. 
When  filling  A  with  oil, 
the  wing  nut  D  is  un- 
screwed until  a  hole  through 
it  coincides  with  the  hole  E. 
With  the  ordinary  siphon 
lubricator  the  supply  of  oil 
to  the  bearings  continually 
diminishes  as  the  level  of 
the  oil  in  the  reservoir  falls, 
but  with  this  combined 
lubricator  it  is  kept  prac- 
tically constant,  and  by 
varying  the  number  of 
strands  in  the  trimmings 
the  lubricant  can  be  dis- 
tributed to  the  various 
bearing  surfaces  in  any 
proportion  desired. 
Antomatic  and  Hechani- 
^  cal  Drop-feed  Lubricators. 
—Lubricators  of  this  type 
j  dilTer  from  the  foregoing, 
inasmuch  as  they  are 
brought  int«  action  by  the 
movement  of  the  machinery 
to  which  thej'  are  attached, 
and  they  automatically 
cease  to  feed  oil  as  soon 
oa  the  machinery  stops. 

ThrtlfaU'ii  automatic 
Ivhrieaior  for  loeomolitKii, 
made  by  Messrs.  W.  H. 
Bailey  &  Co.,  of  Manchester 
(Bg.  127)  baa  an  inner 
chamber  containing  a  brass  ball  with  concave  seating.  Leading  from 
the  oil  reservoir  to  this  inner  chamber  is  a  passage,  terminating  in 
the  ceutrc  of  the  ball-valve  seating.  Another  passage  leads  from  the 
inner  chamber,  through  the  shank  of  the  lubricator,  to  the  bearing. 
The  tube  leading  from  the  top  of  the  valve  chamber  to  the  under-side 
of  the  lid  is  for  the  admission  of  air,  and  serves  also  for  flushing  the 
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bearing  wUh  oil,  if  reijuired.  Tbe  cone  vulve  regulates  tho  supply  of 
oil  piuisiiig  from  the  reservoir  to  the  valve  chamber. 

When  the  locomotive  is  in  motion,  the  ixill  rolls  (ooaelj  ou  its 
Boating,  thus  admitting  oil  to  the  bearings.  When  the  engine  cornea 
to  res^  the  bull  remains  upon  the  centre  of  the  concave  seat,  thus 
cloijing  the  oil-supply  pipe. 

Fig.  128  shows  a  cylinder  Inbricator  on  the  same  principle.  It 
IBS  a  second  ImU  valve  in  the  shank,  the  object  of  which  is  to 
prevent  steam  from  entering  the  lubricator.  This  valve  has  an 
upper  and  a  lower  seating,  the  latter  having  fine  kIoIs  cut  in  it  in  order 
to  allow  the  oil  to  flow  past  the  valve  during  tho  eshauat  stroke,  or 


I 


Labricutar  (SUiaiu  Cylinder  I'atleni). 

when  steam  is  shut  off.  When  steam  is  admitted  to  the  cylinder, 
the  valve  is  forced  against  the  upper  seating  and  closes  the  passage 
communicating  with  the  upper  ball-valve  chamber,  thus  preventing 
the  steam  from  entering  the  lubricator. 

Stephen^  '  Oelopiu '  sight-feed  lubrieatof,  made  by  Messra.  B,  R. 
Vickers  &  Sons  of  Leeds,  is  illnstrated  in  section  in  lig,  1 29.  A  is 
the  oil  chamber,  into  the  bottom  of  which  is  groimd  a  gun-metal 
In  the  spindle  are  openings  into  which  are  introduced 
the  screw  plugs  F,  by  adjusting  which  the  oil  supply  to  each  of  a 
number  of  bearings  can  be  regulated.  The  ciact  amount  of  oil 
can  fill  each  cavity  above  the  plug  is  discharged  into  the 
corresponding  bearing  at  each  revolution  of  the  spindle,  thr(iM'£\\  'scvt 
of  tho  sight  tubes  H  H,  the  air  tulies  Fi  V.  aWovimft  a!\T  ^o  w\\Kt  "^fe 
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cavities  in  tlio  spindle  and  tnke  the  place  of  the  oil  which  runs  out. 
Oil  can  be  poured  down  these  air  pipes  into  the  bearings,  if  necesaatj. 
The  spindle  is  rotated  by  means  of  a  ratchet  C  and  lever  connected 
with  a  moving  part  of  the  engine  or  machine,  and  the  number  of 
revolutions  of  the  spindle  can  bo  varied  by  means  of  a  movable  eye 
on  the  ratchet  lever.  The  ratchet  or  lever  can  be  replaced  by 
friction  clutch  or  worm  gear,  if  desired.  A  gaiue  screen,  G,  preventa 
foreign  matter  in  the  oil  from  entering  the  bearings.  Lubricators  of 
this  type  effect  a  great  saving  of  oil. 


Fio.  129.— Stephens'  'Octopus' Sight-feed  Lnbricitor. 


Hechanical  'PresBure'  Lubricators. — Lubricators  of  this  tyjie 
supply  oil  to  any  part  of  an  engine  under  pressure,  and  to  the 
bearings. 

The  '  Serp'illei '  xigkt-feed  meehanieal  lubricator,  made  by  Messrs. 
Schaffer  &  Budenberg  of  Manchester,  shown  in  section  in  fig.  130, 
has  a  piston  actuated  by  a  ratchet  and  lever  to  which  a  to-and-fra 
motion  is  communicated  by  means  of  a  double  cam.  The  piston  is 
provided  with  two  slots,  a  longitudinal  slot  by  which  the  oil  is 
delivered  successively  to  the  different  outlets  (only  one  shown  in  the 
figure),  and  an  oblique  slot  by  which  the  oil  is  drawn  into  the  hollow 
piston  from  the  oil  reservoir  during  the  suction  period.  In  addition 
to  the  working  piston  there  is  a  second  shorter  one  held  down  by  a 
spring,  which  serves  to  relieve  any  eiccss  pressure.  The  tension  of 
this  spring  can  be  varied,  by  turning  the  spindle  projecting  through 
the  stuffing-box  to  suit  different  feed  pressures.  The  oil  from  each 
outlet  rises  through  a  sight  glass,  of  which  from  two  to  eight  are 
connected  to  one  lubricator  and  supply  oil  to  as  many  bearings. 
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Another  lubricator  of  this  type,  jilso  inade  by  MeaHrs.  SohafTer  &, 
Budenltcrg,  in  France's  niecluinieal  laliricator,  »hown  in  fig,  131. 
The  ratchet  wheel  8  is  rotated  in  the  usual  way  by  connecting  the 


Horicantal  SMtion. 

Fin.  130.—'  Scri'ollet '  Sight-feed  Meclionical  Lubricator. 

lever  H  with  any  aiiitable  part  of  the  engine.  The  cylinder  C, 
containing  a  plunger  K,  is  rotated  by  the  ratchet  wheel  B,ij\n.4\a. 
During  each  revoJution  of  the  cylinder  tho  t'MO  tiu4a  qI  'Ooa  -^Vm^bs 
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Alternately  come  in  contact  with  the  projecting  end  of  the  pin  a,  tmi 
thuB  the  plunger  ia  moved  to  and  tro,  producing  a  pumping  action 
by  which  the  oil  is  alternately  drawn  into  the  cylinder  and  forced 


Franke'a  Mechanical  Lubricator. 

forward  to  the  delivery.  For  this  purpose  the  cylinder  C  is  provided 
with  a  pnsBAge  /'  which  alternately  communicates  with  the  oil 
reservoir  through  the  suction  passage  f,  and  with 
the  delivery  pipe  D  through  the  passage  d.  By 
turning  the  nut  0  the  pin  a  can  be  adjusted  to 
vary  the  stroke  of  the  plunger  K,  so  as  to  give  the 
required  feed  of  oil, 

area,Be  Cups. — When  it  is  considered  desirable 
to  use  grease  as  a  lubricant,  the  Stauffer  'tell-tale' 
lubricator  can  be  recommended.  This  is  shown  in 
fig.  132.  The  rate  of  feed  is  regulated  by  the 
screw  C ;  the  small  piston  D,  being  forced  down 
by  the  spring,  indicates  when  it  is  necessary  to 
screw  down  the  cylinder  A. 

Pad  Lubrication. — For  the  lubrication  of  journals, 

Fio.  132.  woollen  or  felt  pads,  kept  moistened  with  oil  and 

pressed  against  the  journal,  are  now  largely  used. 

Journals  or  shafts  should  be   kept  uniformly  moist  with  oil,  but 
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should  not  receive  such  a  quantity  as  to  be  thrown  out  in  any  great 
volume  at  the  ends  of  an  ordinary  pedestal  or  axle-box,  and  wasted. 
But  wlien  proper  means  are  adopted  for  preventing  lateral  waste, 
the  pads  may  be  partially  immei'sed  in  the  lubricant,  or  may  obtain 
their  supply  of  oil  through  wicks  which  dip  into  it. 

Even  when  the  old  methods  of  siphon  lubrication  are  adopted,  pads 
are  frequently  used  as  auxiliary  lubricating  contrivances,  since  they 
remain  moist  for  long  intervals  of  time  and  keep  the  bearings  from 
becoming  overheated  in  the  event  of  the  siphon  wicks,  or  oil  cups, 
ceasing  to  supply  the  lubricant. 

So  unquestionable  have  been  the  advantages  gained  by  the  oily 
pad  system  of  lubrication,  that  it  is  now  almost  universally  used 
for  quick-running  railway  vehicles.  Not  only  is  the  friction  kept 
uniformly  low  and  the  consumption  of  oil  remarkably  small,  but  the 
number  of  heated  journals  has  become  almost  a  vanishing  quantity. 
Quite  a  number  of  the  bearings  illustrated  in  this  chapter  have  the 
lubricants  supplied  by  pads. 

Fig.  110  (p.  416)  shows  the  journal  and  axle-box  of  a  railway 
vehicle  lubricated  in  this  manner.  The  woollen  pad  is  attached  to  a 
light  steel  framework  held  up  against  the  journal  by  means  of  light 
springs,  and  is  supplied  with  oil  by  means  of  cotton  feeders  dipping 
into  a  bath  of  oil  at  the  bottom  of  the  box.  In  the  '  Armstrong ' 
oiler  the  pad  is  made  of  a  mixture  of  wool  and  cotton,  and  is 
prevented,  by  means  of  lignum  vitce  studs,  from  becoming  flattened 
and  glazed  through  excessive  pressure  on  the  journal. 

In  place  of  the  pad  and  steel  framework,  the  lower  part  of  the 
axle-box  may  be  filled  with  a  mixture  of  horsehair,  worsted,  and 
cotton.  The  elasticity  of  the  hair  keeps  the  mixture  open  and  pressed 
against  the  journal,  the  cotton  and  wool  soak  up  the  oil  from  the 
bottom  of  the  box  and  supply  it  to  the  friction  surfaces. 

Experiment  has  shown  that  the  more  fully  saturated  the  pads,  etc., 
are  kept,  the  smaller  is  the  friction,  and  that  the  best  result  is 
obtained  when  the  journal  actually  revolves  in  a  bath  of  oil.  From 
the  descriptions  of  bearings  on  pages  410  to  430  it  will  be  seen  that  it 
is  possible  to  take  advantage  of  the  low  frictional  resistances  which 
perfect  lubrication  gives  without  either  incurring  waste  of  oil  or 
undue  complication  of  parts.  At  the  present  time,  the  scientific 
design  of  bearings  can  perhaps  only  be  regarded  as  in  its  infancy. 
But  it  is  inevitable  that,  as  the  true  principles  of  lubrication  come  to 
be  better  understood,  the  use  of  solid  or  semi-solid  lubricants  will  be 
largely  given  up,  and  for  all  quick  moving  machinery  the  oil-bath  or 
its  equivalent  will  be  almost  universally  used. 

Pump  Circulation. — Instead  of  placing  a  reservoir  beneath  or  above 
each  bearing,  and  allowing  the  latter  to  automatically  lubricate  itself, 
the  plan  is  often  adopted  of  supplying  the  bearings  of  engines,  dynamos, 
etc.,  in  an  engine-house,  from  one  or  more  raised  tanks  into  which  the 
oil  is  pumped  from  a  common  well,  to  which  the  Ivibtwdw^*  ^x^NWaJv.'is. 
as  it  runs  off  the  brasses.     By  this  means  \>:ve  o\\  \&  >\%^^  ^N^"t  "^.xi^ 
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over  again,  and  can  be  strained,  clarified,  and  rephiced  as  desired. 
This  method  involves  the  use  of  a  rather  intricate  set  of  supply  and 
return  pipes,  and  the  bearings  must  be  designed  so  that  the  waste  oil 
may  be  collected  without  loss  as  it  runs  off  the  steps,  slides,  etc. 

In  Parsons^  system  the  oil  is  supplied  to  the  bearings  under  a 
slight  pressure,  varying  in  different  instances  from  a  few  inches  to 
several  feet,  but  which  is  in  all  cases  just  enough  to  allow  the  oil  to 
flow  freely  through  the  bearings,  from  which  it  carries  off  the  heat 
generated  by  friction ;  it  is  then  cooled  by  a  tubular  cooler  before 
being  returned  to  them.  As  the  oil  is  nowhere  exposed  to  the  outer 
air,  but  circulates  only  in  a  closed  system,  it  collects  no  dirt  and 
does  not  require  filtration,  but  circulates  over  and  over  again  con- 
tinuously, the  entire  supply  passing  through  the  journals  every  few 
minutes.  As  instances  of  the  astonishing  economy  of  oil  thus 
realised,  A.  M.  Mattice,  in  a  paper  read  before  the  American  Society  of 
Mechanical  Engineers,^  cited  two  400-kilowatt  steam  turbines  of  the 
Parsons'  type  running  at  3600  revolutions  per  minute,  one  of  which 
used  only  50  gallons  of  oil  in  six  months,  and  the  other  one  55 
gallons;  whilst  at  another  plant,  consisting  of  two  units  rated  at 
750  and  400  kilowatts  respectively,  only  three  barrels  of  oil  were 
used  in  sixteen  months.  The  turbine  steamer  Virginian^  according 
to  Mattice,  made  four  successive  round  trips  between  Liverpool 
and  Montreal  without  any  addition  of  oil  to  her  tanks,  and  the 
supply  was  still  not  appreciably  diminished  from  its  initial  figure  of 
115  imperial  gallons.  In  this  case  the  whole  supply  passed  through 
the  bearings  every  four  minutes.  The  figures  quoted  are,  of  course, 
those  for  the  turbine  bearings  only,  since  the  line  shafting  had 
ordinary  lubrication. 

In  the  ^  Bellis^  system  of  forced  lubrication  the  oil  is  pumped  into 
the  bearings  under  considerable  pressure.  The  illustration,  fig.  133, 
shows  a  Bellis  tfe  Morcom  engine  lubricated  in  this  manner.  A 
pump  A,  placed  in  the  crank  pit,  supplies  oil  under  pressure  to  the 
main  bearings,  crank-pin  bearing,  cross-head  gudgeon  pin,  guide  shoe 
faces,  and  eccentric  sheave.  Two  sections  of  the  oscillating  pump 
are  shown.  The  plunger,  closely  fitting  the  pump  barrel,  is  actuated 
by  being  attached  to  the  engine  eccentric  strap.  The  pimip  barrel 
is  mounted  on  trunnions,  and  the  oscillating  motion  imparted  to  it 
by  the  eccentric  brings  the  port  in  the  circular  face  at  the  bottom 
of  the  barrel  alternately  opposite  to  the  suction  and  discharge  j>orts 
in  the  fixed  portion  of  the  pump.  The  pump  is  kept  continually 
immersed  in  oil,  and  takes  its  supply  of  oil  from  the  crank  pit  through 
a  cylindrical  strainer,  round  which  is  wrapped  fine  gauze  wire  to 
prevent  grit  and  dirt  from  getting  into  the  bearings.  The  delivery 
branch  of  the  pump  is  connected  to  a  main  supply  pipe  B,  from 
which  branch  pipes  are  led  to  nipples  screwed  through  the  cap  into 
the  brass  of  the  main  bearings.     The  method  of  conveying  the  oil 

*  Trans.  Avicr.  Soc,  Mech,  Eng.,  vol.  xxvii.  p.  469;  aUo  Engineering,  May  11th, 
1906,  p  621. 
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from  the  tii&in  beariogs,  and  the  directioD  of  flow,  are  clearly  ahown 
ill  the  illustration. 

A  circumrerential  groove  C  is  turned  in  the  brass,  from  wliich  a 
radial  passage  D,  drilled  in  the  shaft,  conducts  the  oil  to  a  similar 
circumferential  groove  E,  io  the  orank-piu  bearing;  from  the  groove 


^jCX 


Flo,  133.— Bellis'  SyBl«m  of  Forced  Lubrication, 


in  the  crenk-pin  bearing  the  oil  is  conducted  by  a  pass^e  H  and 
pipe  K  to  the  interior  of  the  cross-head  pin,  and  thence  by  a  similar 
arrangement  of  circumtercntial  groove  to  the  guide  shoe. 

The  lubrication  of  the  eccentric  rod  and  valve  rod  pin  is  dealt  with 
on  similar  lines.  From  the  main  oil-pipe,  a  pipe  ia  led  to  a  pressure 
gauge  L  reading  up  to  50  lbs,  per  squs-iQ  'mc\\,  ■sVwV  AiQ^tt.  ^^  ^ 
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glance  whether  the  oil  preuure  in  beiug  m&iDtaiDed — the  usu&l 
pressure  being  from  10  to  20  lbs.  per  square  inch.  If  the  pressure 
in  the  lubricating  systom  of  pipes  be  too  great,  an  oil-relief  Tatve  M, 
fixed   on  the  main  supply  pipe,  is  slightly  opened,  and  permits  > 


Fio.  134. — Tilston's  Automatic  Forced  Lubricator. 


email  quantity  of  oil,  which  boa   passed  through  the  pump,  to  be 
returned  to  the  reservoir. 

Tildan's   automatic  forced  lubrieaior,  shown   in    fig,    134,  is  an 
ingenious  application  of  the  same  principle  to  line  shafting  and  other 
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bearings.  A  is  the  cast-iron  bearing,  B  the  shaft,  C  an  eccentric  keyed 
or  screwed  to  the  shaft,  by  the  revolution  of  which  the  pump  plunger 
F  is  reciprocated.  When  the  plunger  is  at  the  top  of  its  stroke,  the 
oil  in  the  chamber  D  passes  through  the  holes  G  into  the  space 
beneath  the  plunger,  and  is  forced  thence  by  the  return  stroke  past 
the  non-return  valve  I  and  through  the  outlet  J  into  the  space 
between  the  shaft  and  bearing,  whence  it  escapes  into  D  or  D',  to  be 
pumped  over  and  over  again.  The  leather  washers  M  M  prevent 
the  oil  from  travelling  along  the  shaft  and  getting  lost. 

Splash  Lubrication. — To  secure  the  advantages  of  good  lubrication 
as  well  as  to  keep  out  grit  and  dirt,  many  kinds  of  mechanism 
are  completely  enclosed  in  cases  containing  the  lubricant,  which  is 
thrown  about  by  the  moving  parts,  drenching  all  the  exposed 
rubbing  surfaces^  and  freely  entering  the  oil-ways  provided.  In  this 
way,  not  only  is  the  oil  used  over  and  over  again,  but  perfect  lubrica- 
tion is  secured,  and,  as  previously  pointed  out,  particles  of  grit  and 
dirt  are  prevented  from  mixing  with  the  oil  and  grinding  away  the 
rubbing  surfaces. 

The  central-valve  vertical  engines  of  Messrs.  Willans  &  Robinson 
(fig.  135)  have  the  whole  of  the  moving  parts  enclosed  in  this 
way,  and  perfect  lubrication  is  secured  for  all  parts.  The  bed-plate 
forms  a  reservoir  in  which  is  placed  oil  and  water.  At  each  revolu- 
tion of  the  crank  the  lubricant  is  thrown  about  the  upper  portion 
of  the  chamber,  lubricating  the  connecting  rod  ends,  valve-gear,  main 
bearings,  etc.  These  engines  may,  therefore,  be  allowed  to  run  with 
full  load,  and  without  a  single  stop,  for  more  than  a  month  at  a 
time,  for  the  wear  is  exceedingly  small,  and  all  the  parts  can  be  kept 
well  supplied  with  oil. 

Vertical  gas  and  oil  engines,  including  high-speed  motor  car  engines, 
are  frequently  lubricated  in  a  similar  manner,  oil  alone  being  used 
in  the  chambers. 

Steam  Cylinder  and  Valve  Lubricatioa — Grease  Cup. — Grease 
cups  are  now  seldom,  if  ever,  used  for  lubricating  steam  cylinders, 
for  they  are  not  capable  of  feeding  suitable  oils  with  the  necessary 
regularity,  and  it  is  now  recognized  that  tallow,  and  greases  containing 
vegetable  or  animal  oils  or  fats,  should  not  be  used  in  cylinders.  A 
cup  designed  like  a  grease  cup  may,  however,  be  used  as  a  ready 
means  of  introducing  a  charge  of  lubricating  oil  into  a  steam  space 
against  the  steam  pressure,  and  there  are  instances  when  it  is 
advisable  for  this  to  be  done.  The  usual  design  of  such  a  lubricator 
is  shown  in  fig.  136.  By  opening  the  upper  tap  whilst  the  lower  one 
is  closed,  the  central  globe  may  be  filled  with  oil.  On  shutting 
the  upper  tap,  and  more  or  less  opening  the  lower  one,  the  lubricant 
is  allowed  to  flow  into  the  steam  space  below,  whilst  the  steam  flows 
into  the  globe. 

RoBcoe  Water-displacement  Lubricator, — It  has  been  found  more 
convenient  and  more  economical  to  replace  the  above-described 
simple  method  by  an  automatic  contrivance   which   will  feed   the 
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lubricant  elowly,  as  it  is  required.  One  of  the  earliest  and  most 
satisfactory  iiiBtrumeuts  of  this  class  for  locomotive  engines  is  the 
Koacoc'  lubricator  shown  in  fig.  137.  The  delivery  pipe,  which 
passes  some  distance  into  the  steam  pipe,  must  be  of  such  diameter 
that  both  the  oil  from  the  lubricator  and  the  water  resulting  from 


Flo.  135. 


condensation  can  flow  away  freely  along  tlie  bottom,  and  allow  live 
steam  to  enter  along  the  upper  part  of  the  bore. 

In  many  of  tlioso  forms  of  lubricator  designed  for  cylinder  work 

the  oil  is  displaced  from  the  Inbricntor  by  the  weight  of  a  column  of 

water  produced  by  the  condousatioii  of  steara  from  the  boiler  or  steam 

'  Jamea  Roscoe,  Leicester,  Eng.  Patent  No.  1387  (18SS). 
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pipe.  Should  tliere,  in  this  form  of  lubricator,  be  a  deficiency  of 
water  resulting  from  a  check  in  the  rate  of  condetiButioD,  the  lubri- 
cator may  ccaae  to  feed.  When  the  boiler  is  supplied  by  means  of 
au  injector,  air,  as  well  as  water,  is  thrown  into  the  boiler.  Air  thus 
introduced  remains  in  the  pipes  leading  to  the  lubricator,  or  even  in 
the  upper  parts  of  the  lubricator  condenser,  and  by  remaining  there 
and  preventing  steam  from  entering,  checks  condensation  and  stops 
the  feed  of  oil. 

A  pipe  too  small  in  diameter,  or  not  having  a  regular  slope  towards 
the  steitm  pipe,  will  become  choked  with  the  liquid  and  prevent  the 
lubricator  working. 

The  Roscoc  lubnoator  consists  of  a  chamber  which  can  be  filled 


FlO.  138. 


Fio.  137. 


with  oil  from  above.  Near  the  top  of  this  chamber  is  the  delivery 
passage,  which  can  be  opened  or  closed  to  any  desired  extent  by 
means  of  a  valve.  There  is  also  in  the  centre  a  vertical  tube,  the 
upper  end  of  which  is  closed,  and  the  lower  end  perforated  to  admit 
water  or  oil.  Upon  the  vessel  being  filled  with  oil,  the  tube  remains 
full  of  air  until  the  delivery  valve  is  opened,  when,  the  steam  enter- 
ing the  lubricator,  the  air  is  compressed.  The  steam  then  rapidly 
condenses,  and  the  water  falls  to  the  bottom.  So  long  as  the  engine 
is  running,  the  delivery  valve  is  left  slightly  open,  with  the  result 
that  steam  or  water  slowly  enters  the  lubricator,  and  the  oil  slowly 
finds  its  way  out.  Should  steam  be  shut  off,  the  pressure  in  the 
lubricator  in  relieved,  the  air  expands  in  the  central  tube,  and  a 
quantity  of  oil  is  driven  out  which  serves  to  keep  the  parts  lubri- 
cated until  steam  is  again  turned  on.     The  amount  of  opening  whiu^ 
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must  be  given  by  tiie  driver  to  the  delivery  valve  wh^o  tbe  lubricator 
is  fixed  on  a  locomotive  dependa  upou  the  number  of  stops  which 
have  to  be  made  by  the  train,  the  temperature  of  the  aii.  and  the 
extent  to  which  the  steam  is  throttled  by  the  engine  regulator.  An 
experienced  driver  can  judge  these  points  very  satisfactorily,  and 
obtain  good  results  without  waste  of  oil. 

Autontatie  Engine  Cylinder  Luhrieaior. — A  water-d  is  placement 
lubricator  of  somewhat  different  type,  made  by  Sfesara.  Schaffer  ic 
Budenberg,  is  shown  in  tig.  138.  Here  the 
steam  enters  by  the  central  tube  and  the 
condensed  water  displaces  tbe  oil,  which  is 
thus  forced  out  throu<;h  the  same  tube. 
The  valve  shown  on  the  right  serves  for 
regulating  the  Bteam  admission  and  oil  dis- 
charge, whilst  the  opposite  valve  discharges 
the  condensed  water  either  outside,  through 
a  tap,  not  shown  in  the  figure,  or  into  the 
cylinder.  This  lubricator  can,  therefore,  be 
used  as  a  grease  cup  if  required.  It  has  a 
glass  window  on  either  side. 

For  steam  cylinders,  during  the  last  few 
years,  sight-feed  lubricators  have  been  very 
largely  used.    Of  these  lubricators,  and  there 
are  numerous  designs  upon  tbe  market,  only 
j.|g  ,gg  a  few  can  be  relied  upon  to  feed  regularly 

under  all  couditions.      A  lubricator  which 
meets  these  conditions  fairly  well  is  that  designed  by  Ottewell.' 

OlleiDe/l'g  Sii/ht-fe&l  Luhrieaior.— The  valve  A  (fig.  139)  can  be 
opened  so  as  to  allow  steam  to  enter  from  a  current  which  passes  from 
the  boiler  to  the  steam  pipe  through  a  T-piece  screwed  to  the  nipple 
H.  The  steam,  condensing  in  G,  fills  the  whole  of  the  lubricator 
with  water,  except  the  lower  i;haniber  R,  which  contains  the  lubricaut. 
The  valve  A,  being  left  slightly  open,  allows  the  water  in  G  to  flow 
slowly  into  the  steam  pipe,  and  steam  to  enter  tbe  chamber  to  make 
good  the  dcftcieucy,  in  the  same  way  as  the  valve  does  in  Roscoe's 
lubricator.  When  it  is  desired  to  feed  oil,  tbe  valve  0  is  opened. 
Oil  drops,  rising  through  the  glass  tube,  enter  the  chamber  G,  and, 
with  the  escaping  water,  pass  by  the  plug  valve  A.  As  the  oil  passes 
away,  water  descends  through  T  and  rises  in  K. 

This  lubricator  has  been  found  to  work  well  on  locomotive  engines. 
For  stationary  engine  work,  however,  it  has  been  found  advisable  to 
make  some  slight  alterations. 

The  lubricator  may  be  considered  as  a  '  Rosiioc  '  cut  into  two  parts 
and  furnished  with  a  sight-feed  device,  which  makes  it  more  easy  to 
regulate. 

Deeley's  Sight-feetl  Lubriraior. — Another  design  ^  which  will  feed 
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regularly  is  shown  in  section  in  fig.  140.     The  branch  S  is  coupled 
Dp  to  the  boiler,  and  the  branch  H  to  the  ateam-)iipe  a  short  distance 


Fia.  140. 
from  the  point  where  it  joins  the  oy^mdet  *\ftaiWt<3tv«*.X..   "^iw**.-^ 
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these  pipes  there  ie  a  constant  flow  of  steam,  which  can,  however,  be 
stopped  by  closing  a  cock,  on  the  boiler. 

To  iill  the  lubricator,  the  valve  D  is  placed  in  the  position  showit, 
and  steam  is  turned  on  for  a  time.  When  the  lubricfttor  has  cooled 
somewhat,  nnd  the  reservoirs  E  and  F  and  the  glass  tube  U  are  full 
of  water,  D  is  closed  by  means  of  a  handle.  Before  attempting  to 
fill  with  oil,  the  fitting  must  be  allowed  to  oool  (these  precautions 
need  only  be  tukeii  when  the  lubricator  is  new  and  quite  empty), 
A  is  then  unscrewed,  and  all  the  water  that  will  pass  away  allowed 
to  do  so  fay  opening  W.  Closing  W,  the  chamber  F  may  then  be 
charged  with  oil.  Steam  having  been  allowed  to  pass  through  S  and 
H,  the  centre  of  the  plug  D  is  filled  with  steam  at  the  pressure  of 


Fio.  141. 


the  boiler.  Here  it  condenses,  and  when  the  upper  port  is  open,  the 
water  enters  E,  passes  down  the  port  near  the  glass  si^'ht-tube,  and 
then  up  the  gau{;e  glass  itself.  This  current  of  hot  water  serves 
to  keep  the  luliricator  warm — a  very  necessary  feature  when  ver}- 
viscous  mineral  oils  are  used — and  also  to  keep  the  glass  full  of  clean 
water.  The  oil  can  he  supplied  at  any  desired  rate  by  opening  C. 
It  is  caused  to  flow  mainly  by  the  differonco  in  the  head  of  the  two 
ports  in  the  side  of  the  plug  D,  and  as  it  escapes  from  the  noMle 
into  the  water,  it  forms  drops,  which  rise  up  the  centre  of  the  glass. 
The  rate  of  feed  remains  constant,  however  much  the  conditions  of 
ninning  may  vary.  This  makes  the  lubricator  very  suitable  for 
looomotiTe  work. 
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In  Wakejield'f  disc  gigkl-j'eed  Ittbriraloy,  fig.  141,  the  glaaa  tube 
is  replaced  by  a  thick  glaaa  disc  A,  through  which  the  drops  of  oil 
can  be  seen  rising  up  the  tube  6.  Should  the  glass  disc  become 
broken,  the  check-valve  C  is  automatically  closed  by  steam  and  water 
pressure  acting  through  the  passage  E,  which  enables  the  lubricator 
to  continue  working  until  the  glass  disc  can  be  replaced.  The  drops 
of  oil  which  rise  up  the  tube  B  are 
discharged  through  the  jiaasage  D 
into  the  pipe  I  0,  through  which  a 
current  of  steam  pauses  from  the 
boiler  to  the  cylinders. 

There  are  quite  a  number  of 
sight-feed  lubricators  in  which  a 
head  of  water  is  the  motive  paver, 
and  most  of  the  arrangements  are 
so  specialised  that  they  are  only 
suitable  for  certain  kinds  of  work, 

Roijlt's    '  Oleojeetor 
made  by  Messrs.  W.H.  BaileyA  Ck)., 
acts  upon  a  difFerent  principle. 


Oil  from  the  cistern  0  drops  into  the  cup  O  at  a  rate  regulated 
by  the  Borsw  valve  L,  and  passing  through  the  vftlve  F  ia  injectad 
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into  the  cyliTider  at  each  aticcessive  period  oF  low  preasure  by  a 
current  of  bich-pieBBure  ateam  from  the  main  steam  pipe  which 
passes  through  the  injector  BCA,  directly  into  the  cylinder  as 
BhowD  by  the  hitowb.  At  the  period  of  high  pressure  in  the  cylinder 
the  vAJve  F  closes  aud  prevents  the  oil  from  returning.  This  lubri- 
cator mUKt  he  fixed  on  the  engine  cylinder  and  not  on  the  steam-pipe 
or  valve  cliest.  [u  horizontal  cylinders  it  is  beat  fixed  in  the  middle, 
and  in  vertical  cylinders  on  the  top. 

WtJin'sputon  sight-feed  lubriealor,  fig.  143,  made  by  Messrs.  Winn 
&  Co.,  is  a  form  of  displacoreent  lubricator  in  which  the  oil  is 
supplied  by  the  pressure  of  steam  on  a  piston.  It  consists  of  a 
cylindrical  vessel  A  Htted  with  a  piston  D,  a  hollow  piston  rod  L,  and 
a  sight-feed  arrangement  S.  The  ateam 
inlet  is  at  H,  and  the  oil  outlet  at  F. 

The  piijton  D  is  packed  with  an 
asbestos  ring  B,  held  between  a  junk 
ring  aud  the  piston. 

To  fill  the  lubricator,  the  piston  D  is 
pushed  down  as  far  as  it  will  go;  the 
plug  K  is  removed,  and  oil  is  poured 
into  the  cup  C,  whence  it  runs  down  the 
hollow  piston  rod  and  through  the  holes 
M  into  the  lubricator,  air  being  allowed 
to  escape  through  the  plug  N.  After 
the  plug  K  has  been  replaced,  steam  is 
admitted  below  the  piston  U  by  opening 
the  plug  1. 

The  amount  of  oil  allowed  to  pass 
away  is  regulated  by  the  plug  E,  and 
the  number  of  drops  passing  per  minute 
can  be  seen  througli  the  glass  S,  which 
is  kept  Klled  with  water,  the  amount 
of  oil  in  the  lubricator  being  indicated 
by  the  length  the  piston  rod  projects 
through  the  stuffing-bos  on  the  top  of 
the  lubricator. 

The  water  can  be  drained  from  the 
part  of  the  cylinder  under  the  piston  D, 
by  closing  the  plug  I  and  opening  the 
plug  P.  By  closing  the  plug  0,  the 
lubricator  is  isolated  from  the  part 
being  lubricated. 

There  are  a  number  of  cylinder  lubricators,  more  suitable  for  large 
than  for  small  engines,  bo  designed  that  a  piaton,  actuated  by  a 
ratchet  driven  from  the  engine  crosa-head,  delivers  at  each  stroke  of 
the  engine  a  deliuitc  quantity  of  oil. 

The  'Sex'  (improi'ed  'Moltemp')  luMralor  made  by  Mesan. 
Viokcrs   &   Sons,  tiff.    144,  is  one  of  these,     \t  coM\a\a  <A  \i.  \o-««t 
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vessel  to  contain  the  oil,  fitted  with  a  hollow  plunger  which  is 
actuated  by  an  arrangement  of  ratchet,  worm,  and  screw  gearing. 

The  long  ratchet  arm  obtains  its  motion  by  being  connected  to  a 
reciprocating  part  of  the  engine ;  the  worm  wheel  rotates  the  plunger 
screw  when  the  wing  nut  above  it  is  tightened,  and  revolves  freely 
on  the  screw  when  the  wing  nut  is  loosened.  With  the  worm  wheel 
in  the  loose  position,  the  plunger  can  be  raised  or  lowered  by  turning 
the  handle  at  the  top  of  the  lubricator. 

To  fill  the  lubricator,  the  wing  nut  referred  to  is  slackened,  and 
the  plunger  is  drawn  to  the  top  of  its  stroke  ;  the  lubricator  can  then 
be  filled,  after  removing  the  cap  covering  the  large  filling-hole  shown 
at  the  right-hand  side,  near  the  top  of  the  oil  vessel. 

FriedmarwkS  pump  luhricaior^  fig.  145,  is  another  of  the  same  type. 
This  apparatus  combines  in  itself  four  lubricators,  which  are  com- 
pletely independent  of  one  another.  E^h  pump  can  be  adjusted  to 
pump  various  quantities  of  oil,  and,  after  adjustment,  the  supply 
becomes  r^ular,  and  is  entirely  unaffected  by  the  counter  pressure 
which  exists  in  the  oil  pipes.  Consequently,  a  single  apparatus  may 
be  employed  for  lubricating  at  the  same  time  cylinders  under  pressure, 
and  also  parts  of  machinery  where  there  is  no  pressure. 

Two  eccentrics  E  and  £\  which  are  rotated  by  means  of  the 
ratchet  lever  L,  respectively  cause  the  self-packing  pistons  P  and  Q 
to  move  up  and  down.  The  piston  P  draws  oil  from  the  vessel  D, 
which  is  nearly  filled  with  oil,  through  0  and  Y,  and  forces  it 
through  Z,  into  the  pressure  space  K.  The  piston  Q  acts  as  a  valve, 
closing  Y  before  putting  Z  into  communication  with  K,  and  on  the 
return  stroke  closing  Z  before  putting  Y  again  into  communication 
with  0.  Thus  the  pressure  space  is  never  in  direct  communication 
with  the  oil  vessel,  and  it  is,  therefore,  impossible  for  the  oil  contained 
in  it  to  be  drawn  away. 

The  quantity  of  oil  which  is  discharged  at  each  revolution  of  E 
depends  upon  the  stroke  of  the  piston  P.  When  the  regulating 
screw  R  is  completely  screwed  down,  the  piston  forces  out  its 
maximum  quantity  (about  \  gramme).  If  R  be  screwed  up,  the  oil 
supply  is  reduced,  and  when  screwed  up  as  far  as  the  pin  A  will 
permit,  the  discharge  is  at  the  minimum. 

Each  apparatus  is  provided  with  a  strainer  arranged  under  the 
cover  W,  and  the  several  cylinders  are  fitted  with  cylindrical 
strainers  B.  A  removable  wire  X  indicates  the  level  of  the  oil,  which 
should  never  be  allowed  to  fall  below  the  level  of  the  aperture  O.  The 
perforated  plug  I  shows  the  height  to  which  oil  should  be  filled  in  the 
vessel.  It  also  allows  air  to  pass  into  the  oil  reservoir  to  take  up  the 
space  of  the  oil  pumped  out.  A  drain  cock  M  is  used  for  emptying 
and  draining  off  any  water  which  may  have  got  into  the  oil  vessel. 

The  check  valve  V  in  connection  with  each  pump  is  used  to  pre- 
vent steam  or  water  of  condensation  from  flowing  back,  if  the  filling 
of  the  oil  vessel  has  been  neglected.  Steam  can  be  passed  through  the 
passage  U  for  the  purpose  of  heating  the  oil  during  frosty  weather. 


THE  DESIGN   AND  LUBRICATION   OF  BEAKINOS.  451 


452 


I.UBBICATION    ANIi    LUBKICAST8. 


The  puraps  are  operated  b^  connocting  the  lover  L  with  C 
reciprocating  [«irt  of  tlie  locomotive,  and  it  will  I*  aoen  that  I 
stroke  cnii  be  iiiureaan!  or  reduced  hj  alteriug  the  position  of  t 
Hlidlii^  piocc    H.      Tlie  part  G  is  rigidly  coii:ie*U-d  to  the  rat^he? 
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This  lubricator  uomprisea  a  tank,  A,  coatuiniDg  the  oil,  i 
are  several  plunger  pumps,  oue  tor  each  feed.  The  supply  of  o 
be  regulated  hy  the  taps  £,  the  surplus  oil  passing  back  iuta  the 
tauk  through  the  holes  geeu  below  each  tap.  The  lever  F  is  nsuallj' 
coupled  to  some  reciprocating  part  of  the  engine,  but  in  the  case  of 
high-speed  engines  a  special  gear  is  fitted  for  driving  by  a  snaall  baud 
from  some  revolving  part  of  the  engine.  The  pumps  can  be  worked, 
if  required,  by  the  hand-wheel  H,  for  Bushing  purposes  at  starting,  etc. 

Cliapman'g  -patent  aulomatif  fylinder  ItiOricator,  manufactured  by 
Messrs.  Knowles  &  Wollaston  of  London,  has  been  designed  for 
feeding  mixtures  of  cylinder  oil  and  graphite,  especially  for  high 
steam  pressures  and  superheated  steam.  This  lubricator  is  provided 
with  internal  mechanism,  actuated  by  some  part  of  the  engine,  so 
constructed  that  the  lubricant  is  kept  continually  stirred,  nnd, 
therefore,  uniformly  mixed  from  the  moment  it  is  poured  into  the 
body  of  the  lubricator  until  it  reaches  the  non-reuirn  valve  through 
which  it  enters  the  steam  pipe,  thus  obviating  the  difficulty  which 
has  been  experienced  in  the  past  in  feedin;*  a  mixture  of  oil  and 
graphite  to  engine  cylinders,  owing  to  the  graphite  settling  whenever 
it  has  a  chance  of  so  doing  and  chokiug  the  lubricator  and  Its 
connections. 

In  the  case  of  locomotives,  the  steam  has  often  to  be  shut  off  and 
the  engine  allowed  to  rim  for  long  distances  without  steam.  When 
working  in  this  condition,  there  is  often  too  little  steam  pusstug 
through  the  lubricator  to  more  than  partially  lubricate  the  engine 
parts.  To  prevent  any  serious  injury  to  the  rubbing  surfaces  undtT 
such  conditions,  lubricators  are  placed  on  the 
cylinders.  The  most  commonly  used  design  is 
known  as  the  FariieM '  lubricator,  a  section  of 
which  Is  shown  in  lig.  147.  Oil  is  placed  in 
the  bell-shaped  chamber,  from  whence  it  feeds 
through  the  wick  ami  wire  ganze  cup  into  the 
centr^  passage,  which  it  tills.  So  long  as  the 
steam  pressure  remaiub  in  the  cylinders,  the 
small    valve   shown    remains   closed,   but    im-  fjQ,  n7_ 

mediately   steam    is    shut  off,    a   vacuum    is 

formed,  the  valve  is  drawn  off  its  seat,  a  charge  of  oil  enters  the 
cylinder,  and  so  long  as  (he  steam  remains  off,  the  oil  is  slowly  fed. 

A  weak  feature  of  this  lubricator  is  that,  depending  as  it  does 
upon  the  lifting  power  of  wicks,  it  cannot  be  used  for  thick  cylinder 
oils,  unless  it  be  steam-jacketed  so  as  to  keep  the  oil  warm. 

An  improved  njUnder  luhricatur  of  this  type  is  shown  in  fig.  148. 
The  lubricator  is  filled  with  oil  through  the  cap  W,  after  removing 
the  cork  L,  and  no  oil  can  pass  away  from  the  container  so  long  as 
the  valve  A  ia  kept  pressed  against  ita  seating  by  the  spring  B,  as 
shown  in  the  figure. 

To  operate  the  lubricator,  the  valve  A  is  lifted  and  rotated  throu|^h 
'  H.  D,   Furuess,  Eng.  Patent  Ho.  IKSl  l,\61\V 
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90*  so  that  the  knife  edge  K  at  the  top  of  the  valve  spiudle  rests  iu 
the  croes  grooves  made  in  the  nut  C  lo  receive  it.     The  amount  of 


opening  of  the  valve  ib  regulated  by  raiaing  or  lowering  the  uut  C, 
until  the  required  quantity  of  oil  can 
pass  slowly  mto  the  chamher  E,  and, 
when  the  desired  opening  has  been 
obtained,  C  is  locked  by  means  of  the 
nut  D. 

When  the  engine  is  working  under 
Hteam,  the  valve  F  is  kept  pressed 
agaiuBt  its  seating,  and  steam  is  tliiis 
prevented  from  passing  from  the  cylinder 
into  the  lubricator.  During  this  time, 
oil  passes  slowly  from  the  containing 
vessel  through  the  valve  A  into  the 
chamber  £,  and  when  steam  is  shut 
otr,  the  action  of  the  engine  piston 
moving  to  and  fro  creates  a  vacuum 
behind  the  valve  F,  which  lifts,  and  oil 
,  out  of  E  is  forced  into  the  cylinder  by 
he  pressure  of  the  atmosphere  passing 
(own  through  the  tube  H. 

r/ie  Luard  automatic  lubrirMor,  fig. 
149,  made  by  Messrs.  Holden  i  Brooke 
of  Manchester,  also  dispenses  with  the 
trimming. 

At  each  stroke*  (when  steam  is  shut 
off)  the  vacuum  in  the  cylinder  causes 
the  valve  A  to  close  and  the  valve  A' 
to  open,  a  small  fixed  quantity  of  oil 

being  drawn  up  past  the  three-sided  spiudle  B  at  the  same  time. 

The  screw  C  ia  provided  ia  case  the  use  of  a  different  quality  of  oil 


Fiu.  119. 
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renders  regulation  desirable.  The  scrow  is  protected  by  the  cap  D, 
and  cannot  be  tampered  with  unless  D  ie  unscrewed. 

To  secure  lubrication  whilst  the  steam  ia  shut  oif,  the  stream  of  oil 
and  steam  coming  from  the  sight-feed  lubricator  is,  in  Smith's  design, 
reinforced  by  a  jet  of  steam,  which,  by  an  air- valve,  is  caused  to  flow 
direct  from  the  boiler  and  open  the  steam-valve  when  there  is  a 
vacuum  in  the  steam-chest. 

SmiOi'i  aulomatie  vaeuuin  -  destroying  naive  lubricalor  for 
loeomolivet,  fig.   150,  is  used  in  connection  with  locomotive  steam- 


's Labricator  for 


chests  and  cylinders,  fur  destroying  the  vacuum  created  by  the 
pumping  action  of  the  pistons  when  the  engine  is  running  with 
steam  shut  off,  and  for  lubricating  the  working  faces  of  the  valves 
and  pistons  by  means  of  a  combined  jet  of  steam,  air,  and  oil. 

The  opening  A  communicates  with  the  cylinder  steam-chests, 
and  the  pipe  B  with  the  steam  dome  of  the  boiler.  When  closed, 
the  valve  C  prevents  the  passage  of  steam  from  the  boiler,  through 
the  pipe  B,  into  the  chamber  E.  The  valve  D  is  exposed  on  its 
upper  aide  to  the  pressure   of   the  stee.m  m  t.\v%  eiXe&uv^^«»^  v(A 
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the  chamber  E,  and  on  its  under-side  to  the  pressure  of  the  atmo* 
sphere.  The  positions  of  the  valves  C  and  D  as  illustrated  are  those 
which  obtain  :  (a)  when  the  engine  is  running  with  the  steam  regulator 
open,  and  (5)  when  the  engine  is  at  rest  with  the  steam  regulator 
closed.  When  the  engine  is  moving  with  steam  shut  off,  the  action 
of  the  engine  pistons  creates  a  partial  vacuum  in  the  steam-chests 
and  in  the  chamber  E,  and  the  greater  pressure  of  the  atmosphere 
on  the  under-side  of  the  valve  D  causes  it  to  ri^c  and  come  in  contact 
with  the  end  of  the  valve  C,  which  is  lifted  and  allows  steam  to  pass 
through  the  nozzle  O,  into  the  chamber  P2,  thence  into  the  st^m- 
chests  and  cylinders  ;  at  the  same  time  air  is  allowed  to  pass  up  the 
passage  F  F,  past  the  seating  of  the  valve  D,  and  to  mix  with  the 
steam. 

The  vessel  H  contains  a  supply  of  oil,  and  the  valve  K  regulates 
the  amount  which  passes  from  H  into  the  chamber  L,  the  uou-retum 
valve  N  preventing  the  passage  of  steam  from  the  steam-chest  into 
L  and  U.  When  the  engine  is  running  with  steam  shut  off  and 
a  partial  vacuum  is  thus  produced  on  the  top  of  the  valve  N, 
the  air  at  atmospheric  pressure,  which  is  free  to  enter  H,  lifts  the 
valve  N,  and  the  oil  out  of  L  is  forced  down  the  passage  P  and  is 
carried  forward  to  the  cylinders  by  the  steam  passing  through  the 
nozzle  G. 

When  the  engine  comes  to  rest  and  the  pressiu'e  in  the  chamber 
£  becomes  equal  to  that  of  the  atmosphere,  the  valves  D,  C,  and 
N  automatically  close. 

The  tube  0  is  made  of  a  large  bore  so  that,  in  the  event  of  the 
valve  N  temporarily  sticking,  steam  will  be  allowed  to  escape  freely 
by  raising  the  lid  R,  and  without  blowing  the  oil  out  of  H. 

Design  of  Cylinders. — To  secure  good  cylinder  and  valve  lubrica- 
tion, it  is  essential  that  attention  be  paid  to  the  conditions  which 
determine  whether  the  oil  shall  reach  the  surfaces  or  not.  The 
greatest  enemy  to  good  cylinder  lubrication  is  water.  It  wets  the 
surfaces  where  there  is  any  abrasive  action,  and  effectually  keeps  off 
the  oil.  Water  may  be  present  in  undue  quantity,  either  because  it 
is  brought  into  the  steam-chest  and  cylinder  from  the  steam-pipe,  or 
is  unable  to  escape  from  the  cylinders  owing  to  the  positions  in  which 
the  steam-ports  are  phiced.  When  water  comes  from  the  steam-pipe 
in  any  quantity,  a  separator  should  be  used  and  the  steam  dried. 
This  is  nearly  always  done  in  the  case  of  high-speed  engines,  such  as 
the  Willans  engine.  To  ensure  the  escape  of  such  water  as  condenses 
in  the  cylinders,  the  ports  should  be  placed  below  them,  or  so  low  at 
the  side  or  sides  that  all  the  water  may  drain  away  with  each  opening 
of  the  exhaust  port  Proper  drain  pipes  must  also  be  fixed  to  the 
lowest  points  of  the  exhaust  pipe  when  it  rises  to  any  height,  or  the 
water  will  remain  in  the  pipe  to  a  sufficient  extent  to  keep  the 
cylinders  in  a  wet  condition  and  so  prevent  proper  lubrication.  To 
get  rid  of  such  water  as  is  condensed  in  the  cylinders  and  cannot  get 
away  freely  through  the  main  valves,  Holt's  drain  valve  has  been 
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found  very  efficient      A  section  of  this  valve  ib  shown  id  fig  151. 

Here  the  two  valves,  winch  ahde  freelj  on  a.  spindle,  so  control  the 

movements  of    each   other    that   the    one 

having  the  greatest   steam  preBBure   upon 

it  remains  shut  and  holds  the  other  open 

This  results   in  the   closing  of  the   drain 

valve  at  that  end  of  the  cylinder  receiving 

steam,    whilst    the   valve   controlling    the 

dram   pipes  at    the   end    of   the   cylinder 

wliich   18   being   exhausted   remains  open 

Provided  that  the  dnun  valve  is  not  too 

large  fur  the  cylinders,  the  water  la  drained 

with    very   little   lose  of    steam,  and    tlie  t 

bottom  of  the  cylinder,  which  in  horizontal 

engines    has    to    carry  the    weight    of    the    piston, 

lubricated 


well 


CHAPTER  XL 

THE  LUBRICATION   OF  MACHINERY. 

Genuineness  of  Lubricants. — The  engineer  in  charge  of  a  works, 
factory,  or  mill,  the  engineman  in  charge  of  a  steam,  gas  or  oil  engine, 
or  even  the  possessor  of  a  cycle  or  motor  car,  although  deeply 
interested  in  the  geuuineness  and  nature  of  the  lubricants  he  uses,  has, 
as  a  rule,  very  limited  means  at  his  disposal  for  determining  the 
nature  of  the  oils,  greases,  etc.,  which  he  purchases.  It  is  no  doubt 
to  this  state  of  things  that  we  must  attribute  the  very  extensive  use 
of  adulterants  by  manufacturers  of  lubricants,  and  the  placing  upon 
the  market  of  improperly  or  imperfectly  refined  oils. 

Makers  of  sewing  and  other  small  machines  generally  themselves 
sell  the  kind  of  oil  most  suitable  for  their  lubrication.  Such  firms 
are  able  to  obtain  a  genuine  article,  and  it  would  be  contrary  to  their 
interests  to  allow  their  customers  to  use  an  unsuitable  oil.  The 
retail  prices  charged  for  such  machine  oils  are,  however,  so  high  as  to 
be  prohibitive  where  lubricants  have  to  be  used  in  large  quantities, 
and  it  is  then  necessary  to  purchase  from  a  wholesale  dealer,  and 
to  take  proper  precautions  to  ensure  that  the  lubricant  is  free  from 
adulterants  and  suitable  for  the  bearings  upon  which  it  is  to  be  used. 

The  most  valuable  and  expensive  oils,  such  as  sperm,  olive,  and  lard, 
are  extensively  adulterated  with  cheaper  fixed  oils  and  with  mineral  oil. 
Cottonseed  oil  is  frequently  mixed  with  olive  and  lard  oils,  and  is 
sometimes  almost  wholly  substituted  for  the  former.  Much  of  the 
olive  oil  sold  for  lubricating,  if  not  adulterated,  contains  so  much  free 
oleic  acid  as  to  be  quite  unfit  for  use.  Indeed,  many  lubricants  are 
mixtures  of  various  liquids  or  soft  solids,  some  of  which  are  very 
injurious.  Adulteration,  with  a  view  to  the  thickening  of  the  lubri- 
cant, is  mainly  resorted  to  in  the  case  of  mineral  oils;  these  are 
also  adulterated  with  rosin  oil,  and  occasionally  with  neutral  coal-tar 
oil.  The  sophistication  is  often  very  skilfully  done,  the  problem 
being  to  add  such  cheaper  ingredients  to  the  more  expensive  oils  as 
will  enable  them  to  pass  as  many  of  the  tests  of  the  chemist  as 
possible.  Attempts  are  sometimes  made  to  thicken  the  thinner 
burning  or  intermediate  petroleum  oils,  so  as  to  make  lubricants  of 
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tlieui.  It  thus  appears  that  imleBs  the  purchaser  has  some  meaus  of 
ascerlaiDJng  the  true  character  of  the  lubric&nt  he  is  using,  he  has 
little  or  no  guurantee  of  its  genuineness  or  fitness  for  use. 

A  great  improve ni en t  has  been  made  of  late  years  in  the  quality 
of  mineral  lubricating  oils.  By  improved  naethods  of  refining,  less 
destructive  distillation  takes  place,  and  the  ligliter  fractions  are 
more  perfectly  separated  from  the  heavier  onus,  thus  making  the 
various  grades  more  homogeneous  in  their  composition. 

Simple  Tests  for  Adulterants  and  ImpuritieB. — In  the  majority 
of  instances,  the  engineer  iti  charge  of  a  small  station  has  no  means 
of  obtaining  an  aocuratc  knowledge  of  the  true  character  of  the  oils 
supplied  to  him,  otlier  than  by  oouaulting  an  analytical  chemist 
versed  in  the  methods  of  es»mining  lubricants,  for  many  of  the 
aduJterautH  used  require  uureful  analysis  to  even  detect  their 
presence.  In  Chapters  VI.  and  VII.  the  most  important  of 
the  chemical  and  physical  methods  in  use  for  the  detection  of 
adulterants  have  been  described  in  full.  Most  of  these  can  only  be 
practised  by  a  skilled  analyst  in  a  properly  equipped  laboratory. 
Some  of  the  tests,  however,  can  be  made  witli  very  simple  apparatus, 
and  these  the  engineer  should  make  himself  acquainted  with,  ua  they 
will  furnish  some  very  valuable  information  concerning  the  purity 
and  properties  of  the  lubricants  offered  to  him.  The  very  important 
test  for  free  acid  is  one  of  these  (p.  21.')).  A  rough  but  very  useful 
test  can  be  made  in  a  stoppered  .50  c.c.  graduated  test  mixer,  into 
which  I5'4  c.e.  (  =  about  I4"l  grms.)  of  the  oil  are  carefully 
measured.  The  cylinder  is  filled  up  to  the  mark  with  neutralised 
methylated  spirit,  some  phenolphthalein  solution  is  added,  and 
normal  caustic  soda  is  dropped  in  from  a  burette,  until,  on  shaking 
well,  the  pink  colour  is  permanent.  The  number  of  u.c.  of  caustic 
soda  used,  multiplied  by  3,  expresses,  approximately,  the  percentage 
of  free  (oleic)  acid  in  the  oil.  All  the  solutions,  the  test  miier,  and 
the  burette  and  stand,  can  be  purchased  for  a  few  shillings  from  any 
dealer  in  chemical  apparatus.  Dipping  blue  litmus  paper  into  the  oil, 
as  frequently  recomntended,  is  a  useless  test.  Another  easily  made 
and  veiy  valuable  test  is  the  watoh-glass  test  for  gumming  properties 
(p.  265).  The  oil  can  be  carefully  measured  instead  of  being  weighed, 
and  if  compared  under  exiiMy  the  same  eondilions  with  a  standard 
sample  of  oil,  useful  information  may  be  gaineii.  The  watch-glasses 
can  be  placed  side  by  side  in  any  suitable  hot  situation  protected 
from  dust,  and  thus  even  the  hot  air  or  water-oven  can  be  dispensed 
with.  lu  many  ciises  it  is  not  worth  the  trouble  and  time  to  ascer- 
tain the  exact  nature  of  the  adulterant  used,  the  tests  being  merely 
such  OB  will  indicate  whether  the  sample  examined  is  fit  for  use. 

Such  test«  considered  in  the  light  of  the  results  obtained  with  his 
machinery  will  enable  the  engineer  in  most  oases  to  detect  the  cause 
of  any  irregularity  in  working.  When  the  quantity  of  oil,  grease, 
etc.,  used  is  lai^e,  it  becomes  necessary  to  have  analyses  of  t.\vb 
lubricants  sujiplicd  regularly  made  by  a  co\n.^\.eu\.  iwvi^'j^V^^  ot&ot 
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to  make  sure  that  they  are  suitable  for  the  purposes  required,  and  are 
equal  in  quality  to  the  sample  offered,  or  that  they  comply  with  the 
specification.     (See  Chapter  VII.,  pp.  210-306.) 

QuaJities  and  Properties  of  Lubricants.  —  Acidity,  —  Although 
animal  and  vegetable  lubricants  differ  from  mineral  lubricants  in 
their  chemical  constitution  and  activities,  in  many  of  their  physical 
properties  they  closely  resemble  each  other,  and  it  is  to  these  common 
properties  that  they  owe  their  lubricating  values.  Of  these  proper- 
ties, viscosity  and  oiliness  are  the  most  valuable.  But  it  frequently 
happens  that  an  oil,  which  would  otherwise  be  a  good  lubricant,  fails 
to  be  of  practical  4ise  owing  to  its  having  been  allowed  to  become 
acid,  or  to  its  property  of  taking  up  oxygen  from  the  air  and 
becoming  thick,  either  evaporating  entirely  at  ordinary  temperatures 
or  leaving  a  gummy,  sticky  mass  behind.  These  properties  have  been 
dealt  with  in  detail  in  previous  chapters,  and  need  only  be  referred  to 
here  in  so  far  as  they  concern  the  use  to  which  the  lubricants  may 
be  put. 

Oxidation  and  Gumming.  —  Many  oils  when  exposed  to  the 
atmosphere  as  thin  films  on  bearings  rapidly  thicken  by  oxidation, 
and  finally  form  gum  or  varnish-like  masses,  which  clog  the  moving 
parts  and  cease  to  act  as  lubricants.  A  high  temperature  consider- 
ably hastens  the  rapidity  with  which  this  takes  place.  Gumming 
oils,  such  as  rape,  should  not  on  this  account  be  used  in  warm  places, 
as  they  rapidly  become  thick,  clog  the  trimmings,  and  considerably 
reduce  the  speed  of  flow  through  them  to  the  rubbing  surfaces. 

In  places  where  animal  or  vegetable  oils  which  are  liable  to  gum 
have  to  be  used,  great  care  must  be  taken  to  prevent  the  accumula- 
tion of  waste  or  other  fibrous  material  saturated  with  them  from 
being  placed  near  steam  pipes,  or  stored  in  closed  cupboards.  Such 
material  should  be  kept  in  iron  bins  in  the  open  air,  for  in  the 
process  of  oxidation  or  slow  burning  which  accompanies  gumming, 
heat  is  evolved  in  such  quantity  as  often  to  set  fire  to  the  whole  mass. 
Mineral  lubricating  oils  of  high  flashing-point  (not  below  340'  F.) 
which  are  devoid  of  this  property,  should  be  used  in  theatres,  hotels, 
and  other  large  buildings  where  the  risks  of  fire  are  great,  either 
alone  or  mixed  with  fatty  oils  which  gum  only  slightly  (see  p.  278). 

To  clean  machines  which  have  become  covered  with  a  gummy 
oxidized  lubricant,  the  parts  should  be  well  moistened  with  paraflin 
oil,  which  dissolves  the  gum,  allowed  to  run  for  a  few  minutes,  and 
then  wiped  dry  and  clean  before  being  oiled  again. 

An  old-fashioned  test,  now  superseded  in  the  laboratory,  is  that  of 
Nasmyth.  A  plate  of  iron  or  steel  6  feet  long  by  4  inches  wide, 
has  six  longitudinal  grooves  planed  in  the  upper  side.  It  is  placed 
upon  a  bench  or  shelf,  in  a  warm  situation  as  free  as  possible  from 
dust,  slightly  inclined,  one  end  being  supported  on  a  block  1  inch 
thick.  An  equal  number  of  drops,  measured  from  the  same  pipette, 
of  each  oil  to  be  tested  and  of  a  standard  sample,  are  placed 
successively  in  one  of  the  grooves,  and  the  behaviour  of  the  different 
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oils  is  observed  from  day  to  day.  Those  of  least  viseoflity  will,  at 
first,  How  most  rapidly  dowD  the  incliae,  but  oxidation  or  aiiy  other 
cause  tending  to  thicken  the  oil  will  gradually  urrest  the  motion,  and 
the  effeut  after  a  few  days  will  become  marked,  the  beat  oil  flowing 
the  greatest  distance. 

All  animal  and  Tegetublo  oils,  fats,  etc.,  contain  acid  constituents 
which  will  attack  the  metalUo  surfaces  of  bearings  and  form  soaps  of 
iron,  copper,  etc.  The  tendency  they  have  to  become  more  acid  with 
age  is  very  slight  in  most  cases,  if  the  oils  are  properly  refined  and 
not  stored  too  long.  Tlie  extent  to  which  lubricants  niay  be  expected 
to  contain  acid  constituents,  and  the  best  methods  for  their  detoc lion, 
will  be  found  in  Chapter  VII.,  p.  210. 

The  temperature  at  which  an  oil  flashes  when  a  light  is  brought 
near  its  free  surface  is  called  the  Jtashing-poml.  This  property  has 
been  fully  discussed  in  Chapter  VI.,  p.  186.  No  lubricating  oil 
which  flashes  below  a  temperature  of  340°  F.  should  be  used  for 
indoor  machinery  without  special  precautions  being  taken  to  prevent 
risk  of  fire. 

Freezing, — Many  oils,  wliich  at  ordinary  temperatures  are  clear, 
transparent  liquids,  become,  if  the  temperature  falls  sufficiently  low, 
white,  opaque,  solid  masses.  Sometimes,  as  has  been  shown  in 
previous  chapters,  the  whole  mass  of  the  liquid  solidificB  at  some 
particular  temperature,  or  certain  constituents  are  thrown  down  os 
precipitates;  whilst  in  other  oases,  as  the  temperature  falls,  the  liquid 
becomes  more  and  more  viscous,  and  finally  becomes  u  soft  solid. 
This  must  be  borne  in  mind  whenever  bearings  are  esposed  to  cold. 
In  such  cases  the  reservoir  in  which  the  oil  is  stored,  and  the 
trimmings  or  other  arrangement  for  supplying  the  oil  in  a  regulated 
fitreara,  must  be  placed  close  to  the  shaft,  so  that  the  heat  resulting 
from  a  deficiency  in  the  supply  of  the  lubricant  may  cause  it  to  flow 
again,  if,  by  chance,  an  oil  which  easily  solidifies  should  be  used. 

Oilinesg. — When  a  grease  is  rubbed  between  the  fingers  it  will 
be  found  that  they  slide  freely  over  one  another  even  when  pressed 
together  with  considerable  force,  A  similar  efi'ect  is  produced  when 
a  greasy  finger  is  rubbed  over  a  sheet  of  glass  or  other  smooth  solid. 
This  arises  in  great  measure,  if  not  wholly,  from  the  fact  that  the 
grease  is  not  a  liquid  or  viscous  sul>stance,  but  a  plastic  or  very  soft 
solid,  which  cannot  by  pressure  alone  be  wholly  driven  from  between 
the  surfaces.  Uii  the  other  hand,  the  soft  solid  is  easily  sheared,  the 
resistance  offered  to  the  sliding  of  particle  over  particle  being  very 
small.  This  property  of  greases  causes  them  to  form  very  thick 
lubricating  filnis,  even  when  the  loads  are  heavy  and  the  speeds 
moderate.  At  higher  speeds,  however,  they  do  not  compare  favour- 
ably with  the  oils,  the  frictional  resistances  being  much  greater. 

Except  for  special  bearings,  greases  are  now  giving  way  to  blended 
oils,  for  the  high  cueOicient  of  friction  and  resulting  loss  of  engine 
power  is  by  no  means  compensated  for  by  the  decreased  cost  of  Itv^ 
lubricant. 
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Greases  are  generally  made  by  thickening  a  mineral  oil,  fixed  oil 
or  fat;  with  a  soap  of  lime,  soda,  lead,  etc.,  more  or  less  water  being 
emulsified  with  the  oil  and  soap.  In  some  cases  solids,  such  as  black- 
lead,  French  chalk,  and  mica,  are  also  added.  A  number  of  these 
lubricating  greases  are  described  in  Chapter  V.,  p.  126  et  seq. 
They  are  liable  to  be  adulterated  with  excess  of  water,  and  with  solids 
such  as  china  clay  and  gypsum,  which  are  not  lubricants. 

The  corresponding  property  in  the  case  of  liquids,  which  pre- 
vents the  lubricant  from  being  easily  pressed  out,  is  called  oiliness. 
Different  liquids  possess  this  property  in  very  different  degrees. 
Thus,  although  sperm  oil  is  much  less  viscous  thaii  glycerine,  it  will 
be  found  to  be  a  much  better  lubricant.  The  glycerine  feels  harsh 
between  the  fingers,  whilst  the  speiin  oil  feels  smooth  and  greasy. 
The  viscosity  of  an  oil,  therefore,  by  no  means  furnishes  ns  with  an 
index  of  its  lubricating  value.  With  high  speeds,  moderate  loads, 
and  good  lubrication,  it  is  no  doubt  the  degree  of  fluidity  which  prin- 
cipally determines  the  value  of  a  lubricant  for  any  particular  purpose ; 
but  when  the  speeds  are  slow  or  very  high^  the  loads  grea^  or  the 
lubrication  imperfect,  oiliness  as  well  as  viscosity  play  an  important 
part  in  the  reduction  of  frictional  resistances.  (See  Chapter  III.,  on 
*  Superficial  Tension.') 

The  property  of  oiliness  is  generally  possessed  most  markedly  by 
the  animal  oils,  less  so  by  those  of  vegetable  origin,  and  least  of  all 
by  some  mineral  oils.  It  is  on  this  account  that  fixed  oils  are  so 
frequently  added  to  mineral  oils,  for  they  give  to  the  latter  just  that 
property  in  which  the  mineral  oils  are  most  deficient. 

No  simple  laboratory  test  has  yet  been  devised  for  ascertaining  the 
comparative  oiliness,  or  carrying  power  under  heavy  loads  and  at  low 
speeds,  of  lubricants.  Such  information  is  generally  obtained  by 
means  of  mechanical  oil-testing  machines.  However,  the  value  of  the 
results  they  give,  considered  from  this  point  of  view,  varies  with  the 
speed,  load,  and  method  of  oiling  adopted — matters  which  areas  fully 
discussed  in  Chapter  IX.,  on  the  *  Mechanical  Testing  of  Lubricants,'  as 
our  present  knowledge  seems  to  warrant. 

Viscosity. — Upon  the  viscosity  or  degree  of  fluidity  of  the  lubri- 
cant depends  the  resistance  which  it  offers  to  the  motion  of  the 
rubbing  surfaces  of  quick-running  machinery,  and  also,  in  some 
measure,  the  loads  which  bearings  will  carry  at  ordinary  speeds  without 
suffering  abrasion.  Each  particular  animal  or  vegetable  oil  has  a 
viscosity  which  does  not  vary  greatly  in  different  samples,  and  may 
be  regarded  as  being  in  some  measure  an  indication  of  its  purity  or 
genuineness.  The  viscosity  of  such  oils,  therefore,  need  not  be 
specified  when  ordering,  but  should  be  determined  for  the  purpose 
of  ascertaining  probable  purity.  Mineral  oils,  however,  having  a 
great  range  of  viscosities  may  be  purchased,  and  it  is  necessary 
to  state  in  all  cases  the  degree  of  fluidity  required. 

The  viscosities  of  all  lubricants  vary  very  considerably  with  changes 
of  temperature.     Thus  an  oil  which,  as  long  as  the  joujnal  runs  cool, 
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Is  aotGcientl;  viacous  to  carry  the  load  properly,  may  become  bo  fluid, 
if  the  temperature  Ehoufd  rise  from  any  (.unse,  tb&t  the  rubbing 
surfaces  close  together  niid  cut  and  tear  each  other.  The  variability 
of  the  viscosity  of  a  lubricant  witli  change  of  temperature  is  often  so 
great  that  un  oil  which  works  nell  in  a  cool  place  may  be  altogether 
too  '  thin '  fur  a  hot  engine-room  or  warm  climate.  Castor  oil,  whilst 
too  thick  for  locomotive  bearings  in  England,  ia,  on  the  other  hand, 
largely  used  in  India,  where  it  answers  well.  M^ineral  oils  vary  more 
in  viscosity  with  change  of  temperature  than  do  fixed  oils.  On  this 
account  the  chances  of  a  bearing  lubricated  with  a  non-futty  oil  going 
from  bad  to  worse  arc  great,  and  needs  more  careful  attention, 

The  nature  and  measurement  of  this  property  arc  fully  dealt  witli 
tu  CImptere  II.  and  VI. 

Staining  of  Fabric*. — The  lubricants  used  for  the  bearings  of  textile 
machinery  are  liable  to  be  thrown  about  by  the  rapid  motion  of  the 
spindles,  shafts,  etc.,  and  falling  upon  the  cotton  or  woollen  goods, 
produce  more  or  less  objectionable  stains.  Every  care  is,  of  course, 
taken  to  prevent  this  splashing  of  the  Inbricnnt,  but  as  it  cannot  be 
altogether  prevented,  and  is  apt  to  spoil  the  appearance  and  redut 
the  market  value  of  the  elotli,  care  in  taken  to  use  only  lubricants 
which  either  stain  very  little  or  give  stains  which  are  easily 
removed.  Pure  mineral  oils,  it  would  appear,  all  produce  objectioU' 
able  stains  which  can  with  dillioulty  be  wholly  removed,  for  they 
sink  into  the  fibre  and  cnrry  with  them  the  tine  metallic  powders 
ground  off  the  bearings.  (.>n  this  account,  even  though  the  <" 
be  clean  and  oolourlesa  before  use,  and  be  apparently  completely  t 
moved  in  the  scouring,  the  chemical  changes  which  the  metallic  powders 
undergo  sooner  or  Inter,  sometimes  months  later,  produce  stains  of 
various  colours  in  the  finished  goods.  Stains  produced  by  the  oil 
thrown  from  heated  bearings  are  found  esceptionally  difficult  to 
remove,  especially  if  the  stained  goods  have  loin  iu  stock  for  two  or 
three  months.  When  such  goods  are  bleached,  the  fabric  ia  oft«n 
found  to  have  become  rotten,  and  a  bole  makes  its  appearance  where 
the  stain  had  been. 

Animal  und  vegetable  oils  are  much  less  liable  to  produce 
permanent  sbiins,  for,  being  saponiliable,  they  are  almost  wholly 
removed  in  the  various  dressing  processes  the  r]ibric  has  subsequently 
to  undergo.  With  them  may  be  mixed  from  26  per  cent,  to  SO  per 
Gent,  of  mineral  oil  without  producing  any  marked  effect  upon  their 
sbiining  qualities.  In  greater  proportions,  however,  the  resnlte  are 
not  satisfactory, 

Tho  colour  of  these  stains  depends  upon  the  metals  of  which  the 
rubbing  surfaces  are  nindu,  Iron  produces  a  red  stain,  whilst  copper 
or  brass  stains  arc  groy,  greenish,  or  black. 

One  of  tho  most  usual,  as  well  ns  one  of  the  most  effective, 
methods  of  dealing  with  mineral  oil  stnins  in  cJitton  goods  in  to  ini- 
prtignftte  them  with  oltve  oil  or  oleino  (crude  oleic  acid),  iiltow  half  an 
hour  for  the  oil  tu  thoroughly  permeate  the  stained  part,  and  then 
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boil  the  goods  in  a  caustic  soda  lye  for  six  or  eight  hours.  Olive  oil  is 
more  efficacious  thau  oleine ;  and  if,  before  boiling,  the  fabric  is  well 
scoured  with  soap  and  a  little  carbonated  alkali,  the  mineral  oil  stains 
are  more  thoroughly  and  easily  removed  than  when  boiled  iu  the 
kier  at  once.  In  the  case  of  dyed  and  finished  fabrics  which  cannot 
be  wetted  again,  benzine  or  beuzoline,  which  dissolve  the  mineral  oil, 
can  be  nsed.^  The  solvent  should  be  applied  first  in  a  ring  all  round 
the  spot,  and  gradually  brought  nearer  to  the  centre,  and  a  fibrous 
substance,  such  as  blotting-paper,  used  to  absorb  the  oily  solution 
which  is  driven  to  the  centre.  If  the  solvent  be  applied  to  the  oily 
spot  direct,  the  grease  is  caused  to  spread  into  the  fabric. 

Blended  Lubricants. — Mixed  or  Blended  Oils, — Mineral  oils 
being  much  cheaper  than  the  better  class  of  fixed  oils,  and  as,  at  the 
same  time,  they  possess  valuable  properties  which  they  confer  upon 
other  lubricants  with  which  they  are  mixed,  the  use  of  blended  oils 
has  now  become  common.  Indeed,  quite  apart  from  the  pecuniary 
aspect  of  the  case,  the  blended  oils  are  for  many  purposes  superior 
to  either  pure  fixed  oils  or  pure  mineral  oils.  The  percentc^ge  of 
mineral  oil  permissible  varies  according  to  the  load,  speed,  etc.,  for, 
unfortunately,  many,  if  not  all,  mineral  liquid  lubricants  are  deficient 
in  the  property  we  have  called  oUiness,  and  can  seldom  be  used  quite 
pure,  except  in  those  cases  (bath,  ring,  or  forced  lubrication)  where 
the  journal  and  bearing  are  kept  flooded  with  oil.  At  one  time 
mineral  oils  were  regarded  with  great  distrust  both  by  chemists 
and  engineers,  and  when  found  mixed  with  fixed  oils  they  were 
regarded  as  objectionable  adulterants.  The  reverse  now  seems  to  be 
the  view  often  taken,  fixed  oils  being  sometimes  looked  upon  as 
adulterants  when  found  mixed  with  mineral  oils.  This  view  seems 
to  have  arisen  from  a  conviction  that  the  lubricating  value  of  an  oil 
is  wholly  due  to  its  viscosity,  and  that  as  mineral  oils  can  be  pre- 
pared of  any  desired  viscosity,  fixed  oils  could  be  wholly  dispensed 
with.  Oils  were  consequently  placed  upon  the  market  which  were 
stated  to  be  free  from  fixed  oils,  and  were  sold  as  pure  mineral  oils. 
They,  however,  proved  on  analysis  to  contain  a  proportion  of  fixed 
oil — in  other  words,  they  were  really  blended  oils. 

In  the  majority  of  instances  these  mixed  oils  answered  admirably, 
a  fact  which  served  to  strengthen  the  view  that,  from  a  frictional 
point  of  view,  viscosity  was  the  property  which  determined  the 
value  of  an  oil.  But  chemical  analysis  was  not  slow  in  proving  that 
these  so-called  pure  mineral  oils  really  contained  fixed  oils,  and  that 
it  was  largely  owing  to  the  presence  of  these  fatty  cDnstitueuts  that 
the  good  results  obtained  in  practice  were  due.  More  rational  views 
are  now  coming  into  vogue,  and  users  of  lubricants  are  beginning 
to  recognize  the  fact  that  the  best  lubricants  for  most  purposes  are 
obtained  by  the  careful  blending  of  animal  and  vegetable  oils,  fats, 
or  waxes  with  mineral  oils.  Pure  mineral  oils  are,  however,  used 
with  quite  satisfactory  results  for  forced  lubrication,  and  they  must 

*  Pentecost,  Jour.  Soc.  Chtm,  Ind,,  1897,  p.  409. 
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be  used  for  lubricating  the  cylinders  of  condensing  engines  and  for 
swabbing  the  piston  rods  of  marine  engines,  otherwise  fixed  oils  would 
be  liable  to  find  their  way  into  the  boilers  and  cause  damage. 

The  following  broad  principles  can,  in  the  absence  of  more 
accurate  knowledge,  be  laid  down. 

Fixed  oils,  if  of  sufficient  viscosity,  and  fats,  act  best  at  great 
pressures,  mineral  oils  at  light  pressures.  On  the  other  hand, 
viscid  oils  give  the  best  results  at  low  speeds,  and  thin  oils  at  high 
speeds,^  though  the  viscosity  at  low  speeds  must  not  be  greater  than 
is  necessary,  otherwise  the  friction  is  increased. 

Pure  mineral  oils  are  suitable  for  pressures  below  70  lbs.  per 
square  inch  with  free  lubrication,  and  when  the  metals  in  contact 
are  such  as  do  not  readily  seize  each  other.  With  increasing  loads 
the  proportion  of  fixed  oil  which  it  is  desirable  to  add  must  also 
increase,  if  satisfactory  results  are  to  be  obtained  as  regards  friction 
and  wear.  By  raising  the  viscosity  beyond  what  is  required  to 
carry  the  load,  instead  of  adding  a  fixed  oil,  the  friction  is  sure  to  be 
increased,  even  though  the  rate  of  wear  of  the  rubbing  surfaces  may 
be  reduced,  and  more  power  is  wasted  than  the  economy  in  fixed 
oil  warrants. 

From  the  chemical  point  of  view  there  are  good  reasons  for 
mixing  as  large  a  proportion  of  mineral  oil  with  any  fixed  oil  as  will 
not  interfere  seriously  with  its  load-carrying  properties.  By  such 
admixture,  the  tendency  to  gum  is  much  checked,  the  oil  remains 
fluid,  and  cotton  waste  saturated  with  it  is  much  less  liable  to  fire 
spontaneously. 

As  bearing  upon  the  changes  which  take  place  in  blended  oils  when 
used  over  and  over  again  for  long  periods,  the  following  results  may 
here  be  given.  The  oil  in  the  first  column,  marked  *  new,'  was  a 
blended  oil  used  to  lubricate  the  *  blower '  of  the  Thomson-Houston 
dynamo.  The  same  oil  was  used  to  lubricate  the  armature  bearings. 
The  oil  in  the  second  column,  marked  '  old,'  was  some  of  the  same  oil 
which  had  been  used  for  the  latter  purpose,  filtered,  and  used  again, 
for  a  period  of  six  months. 

Relative  viscosity  at  60**  F., 

Relative  viscosity  at  100*  F., 

Specific  gravity  at  60**  F., 

Total  fatty  acids, 

Free  fatty  acid. 

Difference  ;  equivalent  to  neutral  fatty  oil. 

Mineral  oil, 

The  above  results  show  that  by  continued  use  there  had  been  a 
loss  (probably  by  evaporation)  of  mineral  oil,  and  a  consequent 
increase  in  the  percentage  of  fatty  oil.  This  change  had  resulted  in 
a  slight  increase  of  viscosity  and  of  specific  gravity.  The  fatty  oil 
had  undergone  some  oxidation,  resulting  in  a  lowering  of  the  melting- 

^  Any  pressure  below  70  lbs.  per  square  inch  may  be  regarded  as  a  Ugjit  load, 
dud  any  speed  below  100  feet  per  minute  ^  a  \o^  speed. 


New. 
308 

Old. 
315 

Rape  Oil 
410 

98 

100 

158 

0-9026 

0-9030 

6-83% 
0-28% 
5-84% 
9416 

6-82% 
0-42% 
6-73% 
93-27 
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point  of  the  fatty  acids  and  a  darkening  of  the  colour,  also  a  slight, 
but  only  very  slight,  increase  in  the  percentage  of  free  fatty  acid. 

Animal  and  vegetable  oils  cannot,  however,  be  added  to  all 
mineral  oils  with  impunity.  Solid  hydrocarbons  are  present  in  some 
mineral  oils,  which,  when  they  are  mixed  with  vegetable  oils, 
separate  out  as  a  precipitate  and  cause  trouble  by  clogging  trim- 
mings, valves,  etc. 

We  have  seen  that  much  is  to  be  gained  both  in  economy  and 
efficiency  by  mixing  in  suitable  proportions  mineral  oils  with  fixed 
oils.  Quite  a  number  of  these  blended  oils  are  placed  upon  the 
market,  many  of  them  being  sold  at  fancy  prices.  It  is  better,  there- 
fore, for  the  large  consumer  to  purchase  the  pure  lubricants  he 
requires,  and  to  blend  them  himself  to  suit  the  conditions  under 
which  they  are  to  be  used. 

Fats  and  Greases. — The  contrast  in  lubricating  properties  between 
mineral  and  fixed  oils  exists  equally  in  the  case  of  a  pure  mineral 
grease  like  vaseline  and  an  animal  fat  such  as  tallow,  the  latter 
possessing  in  a  far  greater  degree  the  property  of  greasiness.  In 
the  case  of  purified  vaseline  this  is  due  partly  to  the  fact  that  the 
excessive  refining  tends  to  remove  those  constituents  of  the  crude 
oil  upon  which  the  lubricating  property  depends.  Thus  some  of 
the  best  mineral  cylinder  oils,  which  are  excellent  lubricants,  are 
obtained  from  the  same  crude  oil  as  vaseline. 

A  large  number  of  lubricating  greases  are  made  by  incorporating 
or  emulsifying  animal  and  vegetable  fats  with  soap  and  water,  also 
by  thickening  mineral  lubricating  oils  with  soap.  Some  of  these  are 
described  in  Chapter  V.,  p.  126.  Large  quantities  of  these  greases 
are  used,  with  very  good  results,  for  the  lubrication  of  railway  wagon 
axles,  and  some  of  them  are  excellent  lubricants  for  the  bearings  of 
slow-moving  machinery.  When  the  loads  to  be  carried  are  exception- 
ally heavy,  solids,  such  as  plumbago  and  soapstone,  are  sometimes 
added  to  the  grease.  These  solids  prevent  abrasion  at  points  where 
the  pressure  forcing  the  surfaces  together  is  very  great. 

Except  in  special  cases,  greases  should  not  be  used  for  quick- 
running  journals,  shafts,  or  spindles,  the  frictional  resistance  which 
they  offer  to  the  relative  motion  of  the  surfaces  causing  great  loss  of 
power.  Thus  a  case  is  mentioned  by  Simpson  in  which  the  owner 
of  a  mill  using  water  power  decided  to  use  grease  as  a  lubricant 
instead  of  oil,  but  owing  to  the  increased  friction,  the  change  in  the 
method  of  lubrication  caused  the  water  power  to  be  insufficient  to 
drive  the  machinery,  and  the  use  of  oil  had  to  be  reverted  to. 
Woodbury  used  oil  for  one  of  the  two  rows  of  looms  in  a  cotton  mill, 
and  a  consistent  fat  for  the  other.  He  found,  under  the  same  running 
tonditions,  that  the  temperature  of  the  bearings  lubricated  with  oil 
w^as  only  4"  higher  than  the  temperature  of  the  room,  whereas  the 
temperature  of  the  other  bearings  was  22'  higher.  With  soap- 
thickened  mineral  oils  there  is  the  liability  of  separation  taking  place, 
especially  under  the  influence  of  steam  or  moisture.     The  mineral 
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oil  Tti&y  run  nway  and  leave  the  soap  in  the  greaBe-boz  or  on  the  benr- 
iug,  wlitcli  is  Bpt  to  nm  hut  in  uunseiiiience. 

Id  the  cose  of  fats  and  greusus  whose  melting- points  are  not  much 
above  the  tempemture  of  surrounding  ohjects,  it  generally  hitppeiis 
that  the  lubricatiui;  films  are  so  wiimied  hy  the  friction  oF  the 
bearings  that  they  actiuilly  melt  when  drawn  between  the  rubbing 
surfaces  and  net  aa  oils. 

Although  unsuitable,  on  the  whole,  for  moderately  (jijick-running 
machinery,  greases  answer  adniiralily  in  cases  where  the  speeds  are 
low,  or  where  a  low  coefficient  of  friotion  at  starting  is  essential. 
The  cheaper  greases,  niadc  with  rosin  oil  and  lime,  ai'B  used  for  cart 
and  truck  axles,  whilst  those  composed  of  lubricants  of  superior 
quality  are  used  for  railway  wagons,  pedestals,  etc. 

Being  soft  solids,  special  methods  (see  pp.  417  and  436)  have  to  be 
provided  for  their  application  to  the  bearings,  for  they  do  not  liquefy 
BO  long  as  they  are  kept  moderately  cool.  For  railway  vehicles,  only 
the  betl«r  classes  of  greases  are  used,  and  aa  friction  is  an  important 
consideration,  the  ingredients  are  in  some  countries  changed  to  suit 
the  seasons,  for  a  grease  sufficiently  thick  for  summer  might  be 
altogether  too  stiff  for  winter  temperatures  (see  p.  128). 

It  is  well  to  bear  hi  mind  that  it  is  only  when  the  speed  of  nibbing 
is  low  that  economy  results  from  the  use  of  greases.  At  all  ordinary 
velocities  a  marked  increase  in  the  friction  is  brought  about  hy 
them.  This  Ions  of  power  is  seldom  estimated  at  its  true  value,  As 
a  matter  of  fact,  it  may  greatly  exceed  the  gain  reeulliiig  from  tlie 
use  of  the  cheaper  lubricant. 

In  tlie  United  Slates,  recently,  very  satisfactory  results  have  been 
obtained  by  the  use  of  grease  for  locomotive  lubrication.  In  a 
preliminary  report  made  by  a  Committee  of  the  American  Master 
Mechanics'  Association  (see  Meehaniral  Engineer,  26th  .Inly  1000)  it  is 
stated  that  during  four  years'  experience  with  203  locomotives  fully 
equipped  for  grease  lubrication  during  the  whole  or  part  of  that  time, 
the  lubrication  of  pins  and  driving  axles  with  greiiee  has  proved  less 
costly  than  with  oil.  There  has  also  been  a  decided  decrease  in 
engine  failures  due  to  hot  liearings.  Journals  lubricatei]  with  grease 
have  been  found  less  liable  to  be  cut,  and,  therefore,  have  required 
less  frequent  turniiig  up  in  the  lalbe.  It  is  pointed  out  that 
grease  lubrication  as  applied  to  driving  boxes  is  practii-jklly  auto- 
luatio,  and  is,  therefore,  mure  inde[>ondent  of  neglect  on  the  |iurt 
of  the  driver  than  is  oil  luhrication.  As  regards  the  incrunscd 
frictional  resistance  due  to  the  use  of  grease  instead  of  oil,  it  is 
stated  that  it  has  in  no  onao  been  found  necossary  to  reduce  the 
tonnage  rating  of  a  locomotive  on  account  of  the  change  from  oil 
to  greaae,  but  no  data  is  given  as  to  coal  consumption. 

In  same  locomotive  teats  carried  out  hy  the  Pennsylvania  Itailrond 
SjHtem  At  the  Louixiana  l>urctiase  ICxposition  in  19U4  it  was  found 
that  the  hibricAtion  of  locomotive  axloi  by  hanl  grease  increased  the 
friction  losses  per  axle  by  from  75  to  over  100  per  cent,  as  compared 
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with    oil    bibricalion.     Th»    m-eaart   iised    wm   composed   about  i 

follows : — 

Oil, 2868 

Smd. 36-83 

\Vai«r ia-51 

ino-oo 

A  cake  of  this  hard  grease  was  pressed  against  the  axle  by  apriiij, 
1ocat«<d  in  the  bottom  of  tlie  driving-box  cellars  (iindcrkeepa),  i 
perforated  plate  being  used  between  the  axle  and  the  cake 

Clarification  of  Lubricants. — Oil  FilUra. — Pedestals,  w 
cnsea,  spindle  btiBbcs.  and  vnrioiis  other  descriptions  of  beariii)^  an 
now  frequently  made  to  hold  comparatively  large  vuluines  of  a 
which  bathes  all  the  rubbing  surfaces,  tmd  by  placing  dishes,  int 
which    the   surplus   lubricant   runs,    below    the   ordinary    forms  ( 


bearing,  a  good  deal  of  oil  wliioh  was  formerly  lost  is  collected.     Sum 
oil  contains  finely  suspended  matter  of  various  kinds,  and  Is  tbief 
and  muddy.     Being,  in  the  luitjority  of  instanees,  uhiolly  com}Hi! 
of  mineral  oil,  which  does  not  become  changed  in    character,  it  i 
possible  to  filter  out  the  suspended  matter  and  use  the  oil  over  agatri 
fur,  as  a  rule,  the  only  change  which  has  occurred  is  a  alight  ii 
ill  the  viscosity,  due  to  the  evaporation  of  mineral  oil.     In  tliis  i 
all  loss  of  lubricant,  other  titan  tliat  resulting  from  evaporation  « 
some  unavoidable  waste,  is  guarded  i^ainst,  and  the  gre&tcet  possibf 
economy  secured, 

The  suspended  particles  are  mostly  very  fine,  and.  being  imm«r« 
in  II  fairly  thick  liquid,  are  not  easily  removed. 

A,^ter  (Ug.    1&2),  made  by  Mcasni.   Wells  k  Co.,  uOiwts  I 
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separation  of  the  HoHd  matter  fruui  the  oil  in  throe  stages.  The 
muddy  od  drawn  from  the  reservoire  and  contaiued  in  the  oil  pans  is 
placed  in  an  ujiper  settling  chamber,  in  which  the  heavier  particles 
slowly  subside.  From  this  chamber  the  oil  is  drawn  off  by  means  of 
a  siphon  pipe,  wliich  floats  on  the  surfaoe  and  slowly  removes  the 
clear  upper  liquid,  passing  it  into  a  chamber  conlainiug  a  filter,  in 
the  coarse  mesh  of  which  the  larger  suspended  particles  are  left. 


The  oil  hnally  runs  into  a  finer  filter  pad,  through  which  it  is  forced 
by  a  head  of  oil  several  inches  or  feet  in  height,  as  the  case  may  be, 
and  passes  into  a  lower  chamber,  from  which  it  can  be  drawn  for  use. 
The  filter  pads  are  readily  changed  or  cleaned. 

A  Glter  of  difierent  pattern,  of  which  a  and  b  are  sections,  is  shown 
in  fig.  1B3.  The  dirty  oil  is  placed  in  the  chamber  a,  to  the  bottom. 
of    which  water,  dirt,  etc.,  gravitate.     "The  ov\  \vB.\n\^  \^ft«i.  '■'■ 
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from  the  coarsest  and  heaviest  impurities,  forces  itself  slowly  through 
the  chamber  d,  which  has  been  filled  with  compressed  new  twist 
(preferably  white  unbleached),  rises  over  the  partition  c,  and  then 
filters  through  the  chamber/,  also  filled  with  compressed  twist,  into 
the  chamber  g,  from  which  the  clean  oil  can  be  drawn  off  through  a 
cock.  It  is  necessary  to  heat  the  oil  to  140'*-212'  F.,  according  to 
its  consistency.  This  is  done  in  the  lower  part  of  the  chamber  a  by 
means  of  a  coil  e,  through  which  steam  can  be  passed  from  the 
engine  mains  as  desired. 

The  essential  features  of  a  good  oil-filter  are  : — 

1.  A  capacious  settling  chamber,  in  which  the  oil  can  be  warmed, 
if  necessary  to  increase  its  fluidity,  and  in  which  water  and  dirt  can 
settle  out. 

2.  Double  filtering  chambers,  through  which  the  oil  passes  from 
the  settling  chamber  (a)  by  upward  and  (6)  by  downward  filtration. 
The  filtering  mateiial  should  be  the  best  white  cotton  yam  or  waste, 
and  should  be  capable  of  being  compressed  by  means  of  an  adjust- 
able screw. 

3.  An  arrangement  for  distributing  the  oil  evenly  over  the  surfaces 
of  the  filtering  pads. 

Evil  Effects  of  Grit,  etc, — Before  rejecting  any  particular  lubricant 
because  difficulty  has  been  experienced  owing  to  the  heating  of  the 
bearings  supplied  with  it,  care  must  always  be  taken  to  ascertain 
whether  the  fault  really  lies  with  the  lubricant,  or  with  impurities 
accidentally  introduced.  Enginemen  are  apt  to  think  that  a  certain 
number  of  hot  bearings  are  sure  to  occur,  however  careful  they  may 
be.  No  doubt,  even  when  the  greatest  care  is  taken,  bearings  will 
occasionally  nm  hot.  But  in  all  such  cases  the  heating  must  arise 
from  some  irregularity,  and  the  extent  to  which  trouble  is  experienced 
is,  in  the  majority  of  instances,  a  measure  of  the  capacity  of  those  in 
charge  of  the  machinery  to  keep  things  in  good  order.  Thus,  as  an 
instance,  although  the  quality  of  the  oil  used  may  be  excellent  and 
very  suitable  for  the  purpose  for  which  it  is  being  used,  still  the 
engineman  may  be  troubled  with  hot  bearings,  often,  indeed,  when 
extra  care  has  been  taken  to  keep  the  machinery  in  good  order  by 
giving  it  an  ample  supply  of  oil.  This  almost  always  arises  from  the 
presence  in  the  lubricant  of  mechanical  impurities,  such  as  sand,  saw- 
dust, glass,  vegetable  fibre,  mucilage,  or  precipitated  paraffin.  In 
transparent  oils  these  are  easily  seen,  but  in  the  thicker  dark  varieties 
they  are  almost  entirely  invisible.  When  oil  containing  such  im- 
purities, which  it  very  commonly  does,  is  poured  into  oil  cups  in  the 
usual  way,  the  solids  are  filtered  out  by  the  trimmings,  or  settle  to  the 
bottom  of  the  reservoir,  and  do  not  get  into  the  bearings.  But  engine- 
men  frequently  go  round  their  engines  and  pour  a  little  oil  into  the 
ends  of  the  bearings,  or  even  remove  the  trimmings  or  oil-pads  and 
pour  oil  directly  upon  the  bearing  surfaces,  and  thus  introduce  grit  at 
points  where  it  can  easily  get  between  the  rubbing  surfaces.  Films 
of  various   kinds  also  settle  on  the  trimmings,  or  obstruct  the  oil 
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passages,  and  prevent  the  oil  from  finding  its  way  with  the  necessary 
freedom  to  the  working  surfaces. 

Importance  of  straining  all  Oil, — In  most  engine-houses  the 
different  oils  required  are  stored  in  iron  tanks,  from  which  they  can 
be  drawn  as  required.  Into  these  tanks  the  lubricants  are  pumped 
from  the  barrels  supplied  by  the  oil  merchants.  To  enable  as  much  of 
the  oil  to  be  removed  as  is  possible,  the  pump  pipe  is  passed  through 
the  bung-hole  and  reaches  to  within  a  very  small  distance  of  the 
barrel  bottom.  The  oil,  as  it  is  drawn  out,  thus  carries  with  it  the 
greater  part  of  any  solid  material  which  may  lie  there.  To  prevent 
such  foreign  matter  from  passing  into  the  oil  tank,  a  receptacle  made 
of  fine  wire  gauze  should  be  fitted  into  the  manhole  of  the  tank  in 
such  a  manner  that  it  can  without  difficulty  be  taken  out  and  cleaned. 

To  still  further  reduce  the  risk  of  small  particles  of  grit  entering 
the  oil-can,  the  lubricant  as  it  is  given  out  for  use  should  be  care- 
fully strained  through  wire  or  cotton  gauze  as  it  is  drawn  from  the 
tanks ;  for  however  good  it  may  be,  the  fine  solid  particles  it  some- 
times contains,  if,  as  we  have  seen,  they  should  chance  to  be 
introduced  between  the  rubbing  surfaces,  will  give  rise  to  excessive 
friction,  cause  overheating,  and  make  the  engineer  feel  uncertain 
whether  he  is  using  a  suitable  lubricant  or  whether  his  supply  is 
really  up  to  sample. 

When  the  loss  which  may  result  from  the  stoppage  of  the  engines 
driving  a  large  mill  or  ship,  or  generating  current  in  an  electric 
installation,  is  taken  into  consideration,  this  double  precaution, 
adopted  to  prevent  the  introduction  of  solid  matter,  does  not  seem 
uncalled  for. 

Qrit  may  also  be  found  in  solids,  such  as  natural  graphite.  As 
such  solids  mixed  with  fats  are  sometimes  used  to  put  upon  bearings 
which  have  suffered  abrasion  and  become  overheated,  its  presence 
may  quite  defeat  the  purpose  for  which  the  solid  was  applied. 

Lubrication  of  Bearing  Surfaces. — Lubricants  for  Low  Speeds. — 
When  the  relative  speeds  of  the  rubbing  surfaces  are  less  than  10 
feet  per  minute  with  abundant  lubrication,  or  even  greater  speeds 
than  this  with  siphon  lubrication,  the  lubricant,  instead  of  being 
forced  between  the  journal  and  brass  and  parting  them,  is  rather 
swept  on  one  side,  especially  under  high  pressures;  the  lubricant 
then  depends  for  its  efficiency  upon  its  oiliness  as  well  as  upon  its 
viscosity.  As  the  actual  loads  which  bearings  will  carry  under  such 
conditions  without  seizing  depend  largely  upon  the  nature  of  the 
surfaces  in  contact,  as  well  as  on  the  oil  used,  it  is  not  possible  to 
give  more  than  very  general  figures.  The  relative  carrying  powers 
of  oils,  greases,  and  solid  lubricants  can,  however,  be  approximately 
stated,  and  the  engineer  must  in  each  case  by  actual  trial  select  that 
which  gives  the  least  amount  of  heating  and  friction. 

Dealing  in  the  first  instance  with  those  lubricants  which  have  the 
greatest  carrying  power  we  have — 

(a)  Graphite,  soapstoue,   and  otheT  Bo\\d  \vv\aT\^»xi\&  \»fc^  ^^ 
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Their  efficacy  depends  largely  upon  the  nature  of  the  rubbing 
surfaces.  Graphite,  for  instance,  gives  the  best  results  when  used  on 
cast-iron  surfaces,  which  are  naturally  somewhat  porous.  When 
these  lubricants  will  not  keep  the  bearing  cool,  the  liberated  heat 
must  be  carried  away  by  a  continuous  stream  of  cold  water  passed 
over  it  or  through  perforations  in  the  metal.  The  wear  and  loss  of 
power  under  such  conditions  are  very  great. 

(6)  Solid  lubricants  mixed  with  animal  fats,  greases,  vaseline,  etc., 
or  rosin  grease.  These  mixtures  are  very  suitable  for  heavy  work, 
especially  when  metal  works  against  wood.  Rosin  greases  are 
largely  used  for  all  kinds  of  rough  work,  such  as  cart-axles,  tip 
wagons,  hauling  mcCbhinery,  etc. ;  they  give  a  small  coefficient  of 
friction  at  low  speeds,  do  not  waste  away  very  rapidly  by  evaporation, 
and  do  not  run  off  the  bearings,  leaving  them  dry. 

(c)  Axle  greases  composed  entirely  of  animal  and  vegetable  fats 
or  mineral  oils  emulsified  with  water,  soap,  and  sufficient  alkali  to 
neutralize  acidity.  These  greases  are  excellent  lubricants,  for  all 
slowly  moving  shafts  and  journals  which  have  to  carry  considerable 
loads.  Even  for  railway  wagons  they  are  largely  used ;  for  the 
frictional  resistance  is  small  at  low  speeds,  and  trains  lubricated  with 
them  are  easily  started.  Care  must,  however,  be  taken  that  these 
greases  do  not  contain  excess  of  water  and  are  not  adulterated  with 
such  useless  substances  as  china  clay ;  also  that  they  melt  as  a  whole, 
and  that  the  oil  does  not  run  down  and  leave  the  soap.  This  is  liable 
to  occur  with  badly  made  greases,  and  hot  bearings  are  the  result. 

(<l)  Fixed  oils,  mineral  oils,  and  mixtures  of  the  two.  In  selecting 
oils  for  very  low  speeds  and  high  pressures,  viscosity  must  be  the 
first  considei-ation,  and  next  to  that  oiliness.  This  is  plainly  shown 
by  the  experimental  results  in  Table  XCId.  on  p.  345.  If  an  oil  of 
sufficiently  high  viscosity  be  used,  a  mineral  oil  may  give  as  good 
a  result  as,  or  even  a  better  result  than,  a  fixed  oil ;  a  mixture  may 
give  a  better  result  than  either.  If  an  oil  of  sufficient  viscosity  be  not 
available,  then  a  fixed  oil  may  be  expected  to  give  the  best  results. 

Grood  antifriction  metals  assist  greatly  in  reducing  the  friction. 
Goodman  found  cast-iron  bearings  lined  with  pure  lead  among  the 
best  under  constant  loads  up  to  500  lbs.  per  square  inch  and  even 
higher.  Magnolia  metaj  has  also  been  found  to  give  excellent  results 
under  very  high  loads  and  under  conditions  of  defective  lubrication. 

Lubricants  for  Moderate  Speeds. — At  speeds  exceeding  10  feet  per 
minute  with  abundant  lubrication  and  100  feet  per  minute  with  more  or 
less  imperfect  lubrication,  a  lubricant,  in  the  case  of  a  journal  or  shaft, 
forms  a  fairly  thick  film  which  wholly  or  almost  wholly  separates  the 
rubbing  surfaces.  The  conditions  under  which  this  film  forms  have  been 
fully  dealt  with  in  the  chapter  on  the  *  Theory  of  Lubrication '  (p.  48). 
It  may  be  mentioned,  however,  that  when  the  loads  are  moderate 
(200  lbs.  per  square  inch,  or  even  more  when  the  lubrication  is  per- 
fect) the  friction  and  also  the  formation  of  the  film  are  wholly  due 
to  the  viscosity  of  the  liquid.     But  with  heavy  loads  the   baring 
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surfaces  are  brought  into  cnolact  aft  a  foaiA  im  At  ^<^  adt  ei  the 
brass,  and  irhen  this  is  the  emat  a  BqpaJ  {nwrn  iiiii^  oOmam  to  a 
marked  degree  is  required  to  pfitTciit  *ifint^ 

In  the  case  of  ^aoe  surfaces^  sash  ai  sElde^CMncks.  Tiaoctaij  is  not 
quite  so  important  a  propertr  fpoai  a  lahncukn  p.-cnt  of  raev  a« 
oiliness,  and  unless  the  loads  be  snaH  i70  lbs.  ;«r  »)aafe  inch  or 
thereabouts),  a  good  fixed  oil  or  a  mixed  laewxant  nmst  be  used. 

In  selecting  a  lubricant  for  joomals  nnmi^  m^ier  ordinarr  eoodi- 
tions  of  speed,  greater  attentioo  shooki  be  paad  to  TiseositT  than  to 
any  other  property,  proTided  alvajs  that  the  loads  do  not  exceed  ^00 
or  250  lbs.  per  square  inch  ;  for,  bj  "**^^^  the  bearing  surfaces  of 
suitable  materials,  little  harm  viil  be  done  br  the  contact  of  the 
rubbing  surfaces  during  the  short  slov-^wed  interrals  of  running. 
The  lubrication  most,  hoverer,  be  as  perfect  as  possible.  Indeed,  it 
is  owing  to  the  imperfect  lubricating  derioes  so  largelj  in  use  that 
expensive  fixed  oUs  hare  to  be  used  in  place  of  the  cheaper  mineral 
oues.  These  fixed  oils  are  apt  to  become  acid  and  to  gum ;  but  in 
reservoir  bearings  carrying  heavy  loads,  and  properly  designed  to 
give  perfect  lubrication,  the  objectionable  qualities  of  the  fixed  oils 
which  it  may  be  necessary  to  use  are  masked  by  a  liberal  admixture 
of  mineral  oil.  Indeed,  this  form  of  bearing  reduces  the  friction  to 
the  smallest  possible  figure,  enables  a  cheap  oil  to  be  used,  and 
economizes  the  lubricant. 

For  bearings  carrying  small  loads  pure  mineral  oils  answer  admir- 
ably, the  viscosity  selected  being  the  i^mallest  that  will  enable  the 
oil-film  to  form  properly.  On  the  whole,  the  lower  the  speed  the 
greater  should  be  the  viscosity,  and  the  higher  the  speed  the  smaller 
the  viscosity.  This  applies  with  special  force  to  mineral  oils.  With 
increasing  loads,  especially  if  the  lubrication  be  imperfect^  it  will  be 
found  that  considerable  wear  and  overheating  will  result  unless  fixed 
oils  be  added  ;  but  it  is  only  in  exceptional  cases,  such  as  when  the 
lubrication  devices  are  poor,  that  pure  fixed  oils  need  be  used  alone. 
For  locomotive  engine  work,  about  25  per  cent,  rape  oil  and  75  per 
cent,  mineral  oil  will  generally  work  well. 

Except  in  special  cases,  greases  should  not  be  used  unless  mixed 
with  a  good  mineral  oil,  the  oiliness  of  which  they  increase. 

The  bearings  of  railway  vehicles  are  somewhat  exceptional.  They 
have  to  carry  loads  of  as  much  as  380  lbs.  per  square  inch,  and  often 
run  at  journal  speeds  of  9700  feet  per  minute,  as  well  as  very  slowly. 
On  this  account,  great  care  has  to  be  taken  in  their  lubrication  and 
design.  The  bearings  are  made  of  white-metal  or  bronze,  are  long 
and  narrow,  are  well  lubricated  by  a  pad  placed  beneath  the  journal, 
and  are  kept  cool  to  some  extent  by  the  rapidity  with  which  they 
pass  through  the  air.  With  phosphor-bronze  bearings,  a  mixture  of 
33  per  cent,  of  mineral  oil  with  67  per  cent,  of  olive  oil  is  used  by 
one  large  railway  company  noted  for  its  freedom  from  hot  axles. 

Lubricants  far  High  Speeds. — Quick-running  spindles,  dynamo 
shafts,  and,  indeed,  all  kinds  of  high-speed  bearings,  require  ample 
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beariug  areas  and  thin  oils  for  their  lubrication.  The  loads  carried 
per  square  inch  are  consequent! j  low,  and  pure  mineral  oils  may  be 
used  with  advantage.  There  are  instances,  however,  where  good 
lubrication  is  impossible,  and  to  minimize  the  wear  a  good  tixed  oil 
must  be  used.  The  bearings  for  such  speeds  should  always  be  so 
constructed  as  to  keep  the  surfaces  well  supplied  with  oil  without 
wasting  it.  When  this  is  done,  mineral  oil  containing  about  10  per 
cent,  of  fixed  oil  answers  admirably,  for  there  is  then  little  wear,  and 
the  frictional  resistance  is  small. 

Lubrication  of  Miscellaneous  Machines. — The  spindles  of  small 
machines,  such  as  clocks,  iDatcJifS,  and  other  delioate  mechanisms, 
are  generally  made  of  hard  steel.  They  work  either  in  agate 
or  other  polished  mineral  bushes,  or  upon  hard  brass  or  bronze. 
The  speeds  are  generally  very  slow,  and  the  lubrication  *  imperfect.' 
The  pressures  are  also  small,  generally  only  a  few  pounds 
or  ounces  per  square  inch.  The  smaller  spindles  are  carefully 
moistened  with  a  fatty  lubricant  and  put  into  position.  The  spindles 
then  have  the  capillary  spaces  between  them  and  their  beariug 
surfaces  filled  with  oil,  which  must  often  last  for  many  months  with- 
out renewal.  The  essential  properties  of  a  lubricant  for  such  purposes 
are  that  it  must  be  as  free  as  possible  from  tendency  either  to  gum 
or  thicken  by  oxidation,  or  to  corrode  metal,  and  it  must  withstand 
exposure  to  temperatures  21s  low  as  possible  without  becoming  frozen 
or  unduly  thickened.  The  lubricants  mostly  used  are  porpoise  and 
dolphin  jaw  oils,  ben  oil,  hazel-nut  oil,  neatsfoot  oil,  sperm  oil,  and 
olive  oil.  The  oil  should  be  exposed  for  some  time  to  a  temperature 
rather  lower  than  that  to  which  the  mechanism  is  likely  to  be  sub- 
jected in  use,  and  that  portion  of  the  oil  which  remains  liquid  sliould 
be  separated  by  filtration  and  preserved  for  use.  Any  free  acid 
should  be  removed  by  the  process  described  on  p.  218.  A  little  good 
mineral  lubricating  oil  may  with  advantage  be  mixed  with  the  fatty 
oil.  Whatever  oil  be  used,  it  should  be  proved  by  analysis  to  be 
genuine  and  free  from  excess  of  acid.  The  lubrication  of  clocks, 
watches,  and  such  small  machines  requires  great  skill  and  experience, 
and,  unless  there  be  no  alternative,  it  should  not  be  attempted  by 
any  but  an  expert.  Oil  should  be  applied  sparingly.  If  too  much 
be  used,  it  is  drawn  over  the  plate  and  the  pivot  is  left  dry. 

For  the  ring  s^nndles  0/  textile  machinery,  which  run  in  a  bath  of 
oil  and  at  speeds  as  high  as  10,000  or  more  revolutions  per  minute, 
mineral  lubricating  oils  of  low  viscosity,  not  exceeding  that  of  sperm 
oil  at  60**  F.,  are  used,  generally  pure.  Afule  and  throstle  spindles 
require  an  oil  of  higher  viscosity,  say  from  two  to  three  times  that 
of  sperm  oil  at  60"  F.  Pure  mineral  oil  is  frequently  used,  but  a 
mixture  containing  from  10  to  20  per  cent,  of  refined  neutral  fixed  oil 
is  preferable,  and  is  used  in  many  cases.  For  looms  a  mineral  oil  of 
still  higher  viscosity,  about  1*5  times  that  of  olive  oil,  is  used.  In 
cotton  spinning,  some  manufacturers  still  use  sperm  oil,  either  alone, 
or  mixed  with  a  limited  proportion  of  mineral  oil  in  order  to  reduce 
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the  teDdency  to  gum.  lu  woollen  spinning,  mineral  oil  of  about  the 
same  viscosity  as  olive  oil  at  60**  F.  is  used,  also  olive  oil  itself, 
according  to  the  class  of  work.  As  all  pure  mineral  oils  cause 
objectionable  stains  on  cotton  or  woollen  goods,  which  can  with 
difficulty  be  wholly  removed,  it  is  customary  to  use  either  pure 
fixed  oil?*,  or  mineral  oils  containing  a  large  percentage  of  fixed  oil,  in 
all  cases  where  the  lubricant  is  liable  to  be  splashed  upon  the  fabric 
(see  p.  463).  For  this  reason,  neatsfoot  or  lard  oil  is  used  for  the 
lubrication  of  lace-making  machines,  but  for  some  of  the  light 
bearings  of  lace-making  and  silk-weaving  machines  where  oil  is 
objectionable,  graphite  is  used. 

For  liyht  sewing  inachvieSy  and  other  kinds  of  delieaie  inachinery 
running  at  high  speeds,  mineral  lubricating  oil  is  used  having  about 
the  same  viscosity  as,  or  even  less  than,  that  of  sperm  oil,  preferably 
mixed  with  from  10  to  20  per  cent,  or  more  of  sperm  oil. 

For  heairy  sewing  machines,  printing  machines,  machine  tools  and 
other  general  machinery,  shafting,  etc.,  a  mixture  of  mineral  oil  with 
from  10  to  20  per  cent,  of  neutral  animal  or  vegetable  oil  is  suitable, 
the  viscosity  of  the  mineral  oil  employed  depending  upon  the  class 
of  machine.  The  heavier  the  machine  and  the  slower  the  speed,  the 
greater  the  viscosity  needed.  Animal  oils  as  a  class  are  preferable  to 
vegetable  oils  in  such  mixtures,  because  they  are  less  liable  to  gum ; 
and  for  the  same  reason  the  larger  the  proportion  of  mineral  oil  which 
can  be  used  the  better,  provided  the  bearings  are  efficiently  lubricated 
and  run  cool.  Among  the  vegetable  oils,  neutral  coco-nut  oleine  is 
one  of  the  least  oxidizable.  Sometimes  other  considerations,  such 
as  fluidity  at  low  temperatures,  or  cheapness,  are  of  paramount 
importance,  and  lead  to  the  employment  of  vegetable  oils  like  rape, 
which  are  somewhat  readily  oxidizable. 

Dynamos  and  motors  with  bath  or  ring  lubrication  are  lubricated 
with  mineral  oil  having  from  two-thirds  to  about  three  times  the 
viscosity  of  rape  oil  at  60'  F.,  according  to  the  }X)wer,  weight,  and 
speed  of  the  machine.     The  mineral  oil  is  preferably  used  pure. 

For  turbine  hearings  {forced  or  circidating  pump  lubrication)  pure 
mineral  oil  is  used  having  a  viscosity  ranging  from  one  to  five  times 
that  of  refined  rape  oil  at  60'  F.,  according  to  the  weight  and  speed 
of  the  turbine  and  the  temperature  at  which  it  has  to  work. 

For  the  forced  lubrication  of  high-speed  engines,  pure  mineral  oil 
of  about  twice  the  viscosity  of  rape  oil  at  60"  F.  is  suitable.  It  is 
important  that  the  oil  used  should  separate  readily  from  water,  and 
be  easily  filtered  whilst  in  circulation. 

For  the  splash  luhricxUion  of  high-speed  steam  engines  (  Willans  type) 
charcoal  filtered  mineral  cylinder  oil  of  medium  viscosity  mixed  with 
a  very  little  (2  to  5  per  cent.)  of  lard  oil  answers  well.  The  same 
oil  should  be  used  for  the  cylinders  of  the  engines.  The  proportion 
of  oil  to  water  in  the  bath  should  be  about  one  to  ten.  Soft  water 
should  be  used. 

For  locomotive  and  tender  aaHes  arvd  macKiTverij  mm^x^  ^^ V 
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from  two  to  four  times  the  viscosity  of  rape  oil  at  60'  F.,  mixed  with 
retined  rape  oil  in  the  proportions  of  three  of  mineral  to  one  of  rape, 
answers  well.  For  very  heavy  locomotives,  especially  in  warm 
weather,  it  is  desirable  to  increase  the  viscosity  of  the  mixture  by 
the  addition  of  some  good  mineral  cylinder  oil,  but  dark  natural 
or  reduced  oils  must  not  be  used  for  this  purpose,  as  they  interfere 
with  the  free  siphoning  of  the  oil  through  the  worsted  trimming. 
In  hot  climates  castor  oil  is  used. 

For  marine  eryjine  nwtion,  and  machinery  working  in  hot  pl<ices^ 
mineral  oil  is  used  in  admixture  with  blown  or  thickened  v^etable 
(usually  rape)  oil,  the  latter  oil  forming  from  20  to  33  per  cent  of 
the  mixture. 

For  the  lubrication  of  steam  engine  cylinders  heavy  mineral 
cylinder  oils  should  be  used,  mixed  with  from  h  to  25  per  cent, 
of  rape  or  other  fixed  oil,  according  to  circumstances,  always 
endeavouring  to  reduce  the  proportion  of  fixed  oil  to  the  lowest 
proportion  necessary  to  ensure  efficieut  lubrication.  In  some  cases, 
pure  mineral  oil  must  be  used,  or  no  oil  at  all,  as  in  the  cylinders 
of  marine  and  other  engines  working  with  surface  condensers  the 
water  from  which  is  returned  to  the  boilers.  In  such  cases  it 
would  be  dangerous  to  use  fixed  oil,  unless  the  condensed  water 
were  completely  purified  from  oil  before  being  returned  to  the  boiler. 
Lubrication  is  improved  by  mixing  a  small  quantity  of  graphite  w^ith 
the  cylinder  oil,  but  unless  the  mixture  be  kept  continually  stirred 
the  graphite  settles  out  and  causes  trouble.  Chapman's  automatic 
cylinder  lubricator,. described  on  p.  453,  has  been  specially  designed 
to  feed  such  mixtures.  Chapman  &  Knowles  have  also  patented  a 
mixture  of  graphite  and  glycerin  for  the  lubrication  of  steam  engine 
cylinders.  The  graphite  is  impregnated,  before  mixing  it  with  the 
glycerin,  with  a  sufficient  quantity  of  petroleum  or  other  hydro- 
carbon insoluble  in  glycerin  to  reduce  the  specific  gravity  of  the 
mixture  to  that  of  the  glycerin,  thus  causing  it  to  remain  in  suspen- 
sion. Special  advantages  are  claimed  for  this  'oil-less'  lubricant  in 
cases  where  the  condensed  water  of  steam  engines  is  used  for  feeding 
boilers.  For  further  remarks  on  steam  cylinder  and  valve  lubrica- 
tion see  p.  482. 

For  gas  e7igine  cylinders  an  oil  very  largely  used  is  a  mixture 
containing,  approximately,  90  per  cent,  of  mineral  oil  and  10  per 
cent,  of  neutral  fixed  oil,  the  viscosity  of  the  mixture  being  about 
the  same  as  that  of  rape  oil  at  60**  F.  In  the  working  of  these  engines 
carbonaceous  deposits  are  liable  to  be  formed  by  partial  combustion 
of  the  lubricant,  especially  when  used  in  excess,  which  not  only  foul 
the  cylinders  and  passages,  but,  with  high  compressions,  frequently 
cause  troublesome  pre-ignition  of  the  explosive  gases.  For  this 
reason,  the  mineral  oils  selected  for  lubrication  should  be  such  as 
have  undergone  very  careful  rectification  and  show  the  least  tendency 
to  decompose  and  deposit  carbon  when  heated.  They  should  also  be 
oils  of  low  volatility,  i,e,  not  losing  appreciably  by  evaporation  at 
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working  temperatures ;  and  it  would  certainly  appear  desirable  to 
exclude  as  far  as  possible  any  admixture  of  fixed  oils,  seeing  that 
these  are  not  capable,  as  are  the  mineral  oils,  of  being  volatilized 
without  decomposition.  The  use  of  pure  mineral  oils  of  suitable 
viscosity  and  low  volatility  has  been  found  to  give  excellent  results 
in  the  author's  experience  with  gas  engines,  as  well  as  being  cleaner 
in  use  and  cheaper  than  mixed  oils.  Yeitch  Wilson,  however, 
informs  us,  as  the  result  of  extensive  practical  experience,  that  many 
oU  engines  can  only  be  run  with  either  pure  fixed  oils  such  as  olive, 
lard,  or  neatsfoot,  or  with  mixtures  largely  composed  of  such  oils. 

The  deposits  which  are  found  in  gas  and  oil  engine  cylinders  are 
not  always  wholly  formed  from  the  lubricant.  A  deposit  of  carl)on 
may  sometimes  be  due  to  incom[)lete  combustion  of  the  gas  or  oil 
vapour,  if  the  air  supply  is  deficient;  sulphur  and  compounds  of 
sulphur  not  infrequently  met  with  are  derived  from  the  fuel.  We 
give  analyses  of  three  deposits,  two  taken  from  the  pistons  of  gas 
engines,  and  one  from  a  gas-valve  chamber,  which  have  come  under 
our  notice.  The  first  was  from  an  engine  lubricated  with  a  dark 
Russian  mineral  oil,  and  is  a  typical  gas-engine  cylinder  deposit. 

Non-oily  organic  matter  (chiefly  carbon),  .    59*8 

Oily  and  resinous  matter, 26*3 

Sulphur  (free), '1 

Ferric  and  ferrous  sulphates  (soluble  in  water),  .  ri 
Ash  (chiefly  ferric  oxide),  .  .  .  .  .11*1 
Water, 1-6 

100-0 


The  second  was  from  an  engine  lubricated  with  a  pale  American 
mineral  oil.  The  ammonium  sulphate  was  due  to  imperfect  washing 
of  the  gas. 

Non-oily  organic  matter, 58'4 

Oily  and  resinous  matter, 17*1 

Sulphur  (free), -8 

Ammonium  sulphate,  etc.,  soluble  in  water,    .        .  1 2*7 

Ash  (chiefly  iron  oxide), 8*5 

waver,     .........  ^'o 

1000 

The  third,  found  in  the  gas-valve  chamber  of  a  gas  engine,  was 
remarkable  in  containing  50  per  cent,  of  free  sulphur,  clearly  derived 
from  the  fuel     It  contained  : — 


Free  sulphur,          .... 
Oil  soluble  in  ether. 
Combined  fatty  acids,  dirt,  etc., 
Ash  (chiefly  iron  and  copper  oxides), 
Water, 


50-0 
17-0 
13-0 
160 
50 

100-0 
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The  lubrication  of  motor  cars  is  a  special  case  of  the  lubrication  of 
high-speed  gas  and  oil  engines  and  machinery.  For  the  chamber 
lubrication  of  the  engines,  mineral  oils  of  high  viscosity  must  be 
used,  on  account  of  the  high  working  temperatures,  and  they  must 
be  selected  for  petrol  engines  on  the  same  principles  as  for  gas  and 
oil  engines,  i,e.  carefully  rectified  oils  from  good  crude  petroleum 
must  be  used,  not  readily  decomposed  by  heat,  and  not  losing 
appreciably  by  evaporation  at  working  temperatures.  Whether  the 
mineral  oil  be  used  alone  or  mixed  with  fixed  oil,  and  what  propor- 
tion of  fixed  oil  should  be  added,  must  depend  upon  the  conditions 
which  obtain  in  the  particular  engine.  For  the  machinery  of  motors 
lubricated  on  the  circulating  pump  system,  where  the  oil  is  drained 
from  the  bearings  into  a  reservoir,  filtered  and  re-used,  the  lubricat- 
ing oil  should  be  pure  mineral  of  no  greater  viscosity  than  is  needed 
to  keep  the  bearings  cool;  any  viscosity  in  excess  of  this  involves 
increased  friction  and  waste  of  driving  power.  Motors  lubricated  on 
the  drop  sight-feed  system  should  be  supplied  with  a  mixture  of 
mineral  and  fixed  oil.  For  certain  bearings,  grease  cups  are  used, 
and  for  these  care  should  be  taken  to  select  greases  which  melt  at  a 
suitable  temperature  and  do  not  separate,  t,e.  the  oil  in  the  grease 
must  not  run  down  and  leave  the  soap  in  the  cup,  but  the  grease 
must  melt  as  a  whole. 

For  the  cylinders  of  steam  motors  fitted  with  flash  boilers  like  the 

*  Serpollet,'  the  *  Miesse,'  or  the  '  Clarkson,'  charcoal-filtered  mineral 
cylinder  oils  are  preferred.  For  those  fitted  with  multi-tubular  boilers, 
like  the  *  Locomobile,*  *  White,'  or  *  Duryea,*  natural  mineral  oils  of 
high  flashing-point  are  used. 

For  sfeam  lorrieSy  traction  engines,  etc.,  which  work  at  high 
pressures,  exhaust  direct  to  the  atmosphere  and,  as  one  maker  says, 

*  cough'  the  cylinder  oil  out  with  every  stroke,  heavy  dark  oils  are 
good  enough,  used  pure  for  superheated  and  mixed  with  rape  oil  for 
sjxturated  steanj.  For  the  splash  lubrication  of  the  engines  of  all 
steam  motors  and  lorries  pure  mineral  oils  must  be  used,  to  avoid 
emulsification  with  water. 

The  ball-hearings  and  chain  pins  of  cycles  ami  motor  vehicles  work 
under  heavy  pressures  and  comparatively  slow  rubbing  speeds,  for 
the  sli[)  of  the  conUict  faces  of  the  balls  upon  their  bearing  sur- 
faces is  very  small.  The  conditions  under  which  slip  takes  place 
in  such  cases,  and  the  real  part  a  lubricant  plays,  can  only  be 
explained  by  the  theory  of  Osborne  Reynolds  (see  Chapter  I.,  page  12). 
Here  we  are  concerned  rather  with  wear  than  friction,  and  such 
friction  as  exists  is  low  speed.  On  this  account  a  good  neutral 
animal  oil  or  fat,  pure  or  mixed  with  a  fairly  viscous  mineral  lubri- 
cating oil,  is  the  most  suitable.  The  chain  of  a  cycle  or  motor,  both 
as  regards  the  friction  of  the  pins  and  of  the  links  on  the  teeth  of  the 
wheel,  works  under  conditions  which  require  a  good  grease  or  a  good 
fatty  oil.  Sperm  oil  mixed  with  a  little  vaseline  to  thicken  it,  and 
with  plumbi^go  to  keep  the  surfaces  from  grinding  if  they  should 
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tiecotne  a  little  dry,  answers  well  for  cycle  chains.  Rangoon  jelly 
mixeil  with  graphite  (Price's  '  Rangraphino ')  also  gives  good  results 
and  lasts  well,  Excellent  results  arc  also  obtained  by  nitiuing  the 
cliwn  through  a  bath  of  pure  sperm  oil.  or  a  mixture  of  good  mineral 
oil  with  a  Utile  reGucd  animal  oil,  which  is  held  in  a  suitable  case 
scoured  to  the  machine.  Pure  mineral  oils  aeem  quite  unsuitable, 
as  with  ihem  the  bearing  surfaces  are  apt  to  wear  unduly.  Except 
where  an  oil-bath  is  used,  a  thick  oil  or  grease  is  necessary  for  the 
chain,  as  a  thin  liquid  rapidly  runs  off.  If  propetly  protected  from 
dust  nnd  dirt,  aud  suitably  lubricated,  a  cycle  chain  ought  not  to 
require  tightening  up  more  than  once  or  twice  iu  a  year.  For  motor 
chaiiie,  a  neutral  animal  fat  or  good  neutral  grease  (soap-thickened 
oil)  mixed  with  graphite  is  recommended,  auch  as  Price's  •Cirogeue,' 
which  is  a  lubricant  of  this  nature  further  stiffened  by  the  addition 
of  wax. 

For  verij  heav;/  beariugs,  solid  eubstauces,  such  as  sonpetone, 
graphite,  asliestos,  etc.,  are  sometimes  used  as  lubricants.  They 
cAnnot  easily  be  squeezed  or  scraped  from  between  rubbing  surfaces, 
and  are,  consequently,  sninible  where  very  great  weights  have  to  be 
carried  on  small  areas,  and  uhere  the  speed  of  rubbing  is  nut  high. 
Indeed,  some  solid  lubriciiutti  will  sustain,  witliout  injury  to  the 
anrfaccJt,  pressures  under  which  no  liquid  ones  would  work.  As  a 
rule,  the  bearing  surfaces  aro  made  of  exceedingly  hard  materials. 
Between  cast-iron  surfaces  plumbago  haa  been  found  to  give  good 
results.  T.  Shaw  found  it  to  be  superior  to  oil  for  the  tables  of  heavy 
planing  machines. 

For  the  hof-wrkg  of  rolls,  pitches  of  vnrtous  kinds  are  used,  alone, 
or  mixed  with  heavy  mineral  lubricating  oils,  or  the  latter  may  he 
thickened  with  soap,  etc, ;  see  p.  131. 

Hydrtmlie  M'ifhinery. — In  hydraulic  niachinory  many  of  the 
rubbing  surfaces  of  the  spindles,  valves,  etc.,  are  In  a  great  measure 
bathed  in  water,  and  such  lubricants  as  cm  be  used  fur  them  must  be 
carried  by  the  water.  When  the  same  water  is  used  ovor  nnd  over 
agtun,  mixed  with  as  much  fresh  water  as  is  necessary  to  meet  the  waste 
due  to  leakage  through  glands,  etc.,  it  is  treated  in  the  tank  from 
which  it  is  pumped  and  into  which  it  is  returned  from  the  machines. 
Id  such  oases,  soft  soap  alone  appears  to  he  the  best  lubricant,  but  n 
little  mineral  or  fatty  oil  may  be  added.  The  soaps  furmed  iu  or 
added  to  the  water  concentrate  upon  all  the  surfaces  with  which  the 
fluid  cumm  into  contact,  and  form  very  tenacious  lilms  which  prevent 
the  cutting  and  grinding  of  the  valve  faces. 

When  the  water  is  obtained  frum  street  mains,  and  ia  paaseil  after 
use  into  the  dmius,  the  lubricant  is  geiieraUy  added  drop  by  drop  by 
uetuinnf  A  lubricator  actuated  mechanically  by  the  liydniulic  machine. 
The  rate  of  supply  is  thus  retulnted  in  accordance  with  the  volume 
of  water  passing.  When  the  pressure  is  below  TftO  or  800  lbs.  per 
aquftro  inch,  a  mixed  mineral  and  animnl  oil  answers  well,  but  for 
higher  pressures  soft  soap  is  a  better  lubricant.     Hydraulic  rams, 
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slides,  guides,  etc.,  in  cool  climates  may  be  lubricated  with  tallow, 
provided  it  be  free  from  acidity,  as  this  lubricaut  does  not  alter  much 
at  ordinary  temperatures. 

Nuts^  key 8^  etc, — To  enable  nuts,  boiler  wash-out  plugs,  keys,  etc., 
to  be  easily  placed  in  position,  and  removed  again  after  standing,  it 
may  be  for  months  or  years,  in  warm  places,  a  lubricant  is  required 
which  keeps  its  nature  and  does  not  evaporate,  corrode,  or  otherwise 
injure  the  metallic  surfaces.  For  such  purposes,  tallow,  or  other  fat 
or  oil,  or  greases  containing  them,  should  on  no  account  be  used. 
No  doubt  they  make  the  nuts,  etc.,  work  freely  in  the  first  instance, 
but  in  a  very  short  time  the  fat  undergoes  a  change  which  effectually 
corrodes  the  surfaces  together.  Even  a  mineral  oil,  although  it  does 
not  set  up  corrosion,  flows  out  of  the  joint  in  the  course  of  a  few 
hours  when  heated,  evaporates,  and  leaves  the  surfaces  free  to  '  bind.' 
To  prevent  this,  the  best  plan  is  to  make  use  of  a  lubricant  consisting 
of  a  thick  mineral  cylinder  oil  or  petroleum  jelly  mixed  with  black- 
lead.  Here,  even  if  the  fluid  or  semi-solid  portion  of  the  lubricant 
should  be  driven  out  of  the  joint  by  capillary  forces,  the  black-lead 
remains  in  the  joint,  keeps  the  nuts^  etc.^  free,  and  enables  them  to 
be  easily  tightened  or  taken  off  at  any  time  without  risk  of  breakage 
or  damage. 

However,  there  are  cases  where  no  lubricant  must  be  used,  such, 
e.^.,  as  the  nuts  of  the  bolts  securing  flsh  plates  to  rails,  which,  if 
lubricated,  would  be  apt  to  slacken  back.  The  same  may  be  said 
of  the  bolts  securing  many  of  the  parts  of  machines  subject  to 
vibration. 

Boiler  Fittings, — The  valve  spindles,  valves,  etc.,  of  fittings 
attached  to  steam  boilers  are  apt  to  work  rather  stiffly  owing  to  the 
difficulty  of  lubricating  them,  and  the  rapidity  with  which  most 
lubricants  leave  the  heated  surfaces.  For  them  the  mixture  described 
above  for  nuts,  etc.,  answers  well,  the  lubricant  in  all  cases  being  a 
mineral  cylinder  oil  or  grease  containing  a  lubricating  solid  such  as 
black-lead  or  French  chalk. 

The  glands  of  low-pressure  boiler  fittings  may  be  packed  with  hemp 
or  jute  soaked  in  paraffin  wax  containing  French  chalk  or  black-lead. 
Tlie  soft  solid  lubricant  should  mi  no  account  Ite  a  fatty  oil  or  grease. 
Such  lubricants  attack  the  metiillic  surfaces  with  which  they  come 
into  contact  and  cause  the  glands  to  leak.  For  high  pressures,  or  in 
very  hot  positions,  the  hemp  must  be  replaced  by  asbestos  cord  or 
metallic  packings. 

Some  enginemen  have  adopted  the  practice  of  putting  oil,  or  the 
waste  water  from  their  cylinder  lubricators,  into  steam  boilers,  either 
through  the  injectors  or  into  the  feed  water.  This  practice  is  one 
which  should  not  be  adopted  under  any  circumstances,  for  the  acids 
thus  passed  into  the  boilers  or  formed  there  by  decomposition  of  the 
fixed  oil  which  most  cylinder  lubricants  contain,  give  rise  to  or 
seriously  accelerate  the  rate  of  corrosion  which  often  results  from 
the  strains  set  up  in  the  metals  by  changes  of   temperature,  etc. 


THE  LUBRICATION  OP   MACHINERY.  481 

Lubrication  effected  in  this  way  not  only  endangers  the  lives  of  those 
who  adopt  the  plan,  but  is  sure  to  seriously  shorten  the  life  of  the 
boiler,  especially  if  the  water  be  soft.  If  the  water  be  hard,  greasy 
deposits  are  formed^  which  are  apt  to  cause  overheating  and  collapse 
of  flues,  etc. 

Cutting  Tools, — The  cutting  edge  of  a  tool,  such  as  that  used  for 
a  lathe,  drill,  slotting  or  other  machine,  is,  owing  to  its  hardness, 
enabled  to  embed  itself  in  the  softer  metal.  When  the  metal  is  being 
worked,  especially  if  it  be  a  tough  one,  heat  is  developed^  not  only 
owing  to  the  friction  against  the  tool,  but  also  owing  to  the  distor- 
tion suffered  by  the  strip  cut  off.  A  large  proportion  of  the  heat 
developed  distributes  itself  in  the  mass  of  metal,  while  some  of  it 
spreads  to  the  tool,  raising  its  temperature  and  occasionally  seriously 
injuring  its  temper.  To  prevent  this,  a  stream  of  liquid  is  directed 
against  the  tool.  Water  is  generally  used,  but  owing  to  the  rapidity 
with  which  plain  water  rusts  clean  iron  surfaces,  it  has  to  be  mixed 
with  soap  of  some  kind,  which  also  acts  as  a  lubricant. 

At  the  cutting  point  there  is  actual  metallic  contact,  and  the 
friction  is  mainly  that  of  an  unlubricated  surface,  i.e.  the  friction 
decreases  with  increasing  speeds  of  cutting.  The  increase  of  speed 
consequently  decreases  the  load  on  a  drill,  although  the  heat  pro- 
duced may  be  somewhat  greater.  On  this  account  it  is  well,  should 
a  drill  break,  to  first  try  a  higher  rather  than  a  lower  speed,  unless 
the  heating  effect  produced  be  already  too  high  to  admit  of  such 
a  change. 

In  many  shops  the  speeds  of  machines  are  lower  than  they  need  be, 
for  it  is  sometimes  assumed  that  breakages  can  only  be  prevented  by 
running  at  low  speeds.  Mineral  oils,  being  deficient  in  oiliness,  are 
not  suitable  for  high-speed  tools  which  require  good  lubrication. 
Fatty  oils  such  as  lard  oil,  or  a  mixture  of  soft  soap  and  soda,  from 
14  to  16  lbs.  of  each  to  100  gallons  of  water,  are  greatly  superior. 
The  water,  having  a  high  specific  heat,  keeps  the  tools  cool,  whilfit 
the  soap  and  soda  improve  its  lubricating  qualities  as  well  as  prevent 
the  surfaces  from  rusting  (see  p.  131). 

The  exact  effects  produced  by  a  lubricant  upon  the  working  of  a 
cutting  tool,  at  least  so  far  as  driving  poi^er  is  concerned,  are  not 
clearly  understood.  That  the  lubricant  penetrates 
to  the  neighbourhood  of  the  cutting  edge  is  shown 
by  the  increased  smoothness  of  the  finished  surface, 
and  by  the  greater  force  required  to  keep  the  tool 
against  the  work.  The  lubricant  finds  its  way 
almost,  if  not  quite,  to  the  cutting  edge  through  Fio.  154. 

the  gap  at  A  (fig.  154).  The  edge  of  the  tool,  being 
lubricated  best  on  the  side  A  nearest  the  work,  is  unable  to  dig 
in  and  tear  the  metal,  which  is,  therefore,  finished  smooth  and 
partially  burnished.  All  bearings  should  be  finished  with  a  very 
sharp  and  well-lubricated  tool,  no  emery  being  used  if  the  metal  be 
at  all  soft. 

31 
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Steam  Cylinder  and  Valve  Lubrication— 7f?iper/ec^  Nature  of,^ 
Although  it  is  possible  to  so  lubricate  the  cylinders  and  Talves  of 
a  steam  engine  that  there  shall  be  no  excessive  wear,  it  is  impossible 
to  obtain  anything  like  the  results,  so  far  as  friction  is  concerned, 
given  by  a  well-lubricated  journal.  The  pistons  and  valves  move  to 
and  fro  in  straight  lines,  and  do  not  tend  to  automatically  place 
themselves  in  such  positions  as  to  trap  the  oil  properly  and  keep  the 
surfaces  from  touching.  Neither  can  the  large  extent  of  surface 
exposed  be  kept  flooded  with  oil,  the  passage  of  live  steam  through 
the  valve -chest  and  cylinders  not  admitting  the  presence  of  laige 
quantities  of  oil.  We  have,  therefore,  to  be  content  with  the  presence 
of  a  lubricating  film  of  no  great  thickness,  and  either  make  the  loads 
on  the  bearing  surfaces  small  or  cause  them  to  move  somewhat 
slowly. 

For  a  proper  understanding  of  the  conditions  under  which  the 
efficient  lubrication  of  steam-valves  and  cylinders  takes  place,  it  is 
necessary  to  consider  at  some  length  the  physical  properties  both  of 
the  lubricant  and  of  the  steam. 

Evaporaiton  of  Oil, — Even  at  ordinary  temperatures  water,  when 
in  a  dry  atmosphere,  evaporates,  the  vapour  mixing  with  the  air 
and  making  it  moist.  Such  evaporation  goes  on  until  the  air  is 
saturated  with  moisture.  Somewhat  similar  conditions  occur  at 
the  free  surface  of  a  mineral  oil.  Such  oils  slowly  evaporate  until 
their  vapours  saturate  the  air  or  steam  in  contact  with  them. 
With  ordinary  bearings  at  ordinary  temperatures  there  is  very  little 
loss  by  evaporation,  when  oil  of  good  quality  is  used,  but  at  the 
high  temperatures  of  steam  cylinders  serious  loss  may  occur,  for 
not  only  is  the  tendency  to  evaporate  increased,  but  the  oil  vapour 
is  rapidly  carried  off  with  the  great  volume  of  steam  passing 
through  the  exhaust.  On  this  account,  mineral  cylinder  oils  should 
be  carefully  tested  as  directed  on  p.  191,  and  all  that  are  unduly 
volatile  rejected. 

Decomposition  of  Lubrncants. — Vegetable  and  animal  oils  are  unsuit- 
able for  cylinder  lubrication,  as,  in  contact  with  steam,  at  the  high 
temperatures  to  which  they  are  subjected,  they  undergo  a  chemical 
change  resulting  in  the  formation  of  free  fatty  acids  (p.  105)  which 
may  give  rise  to  very  serious  corrosion.  In  many  instances,  the  use 
of  such  fatty  lubricants  has  resulted  in  the  cylinder  metal  being 
rendered  quite  spongy  and  porous  in  the  course  of  a  few  years  :  bolts, 
valve-spindles,  studs,  and  other  parts  have  been  cut  quite  through, 
and  cylinder  joints,  etc.,  rendered  leaky. 

The  steam  passages  also  become  choked  with  metallic  soaps, 
oxides  of  iron,  and  free  carbon,  resulting  from  the  chemical  action  of 
the  fatty  acids  upon  the  cylinder  metal  and  the  destructive  decom- 
position effected  by  heat  and  high-pressure  steam.  In  locomotives 
the  oil  thrown  against  the  hot  blast-pipe,  and  even  that  adhering  to 
the  ports  undergoes  destructive  distillation  with  formation  of  a 
carbonaceous  deposit,  which  accumulates  and  gradually  blocks  up  the 
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puEagea.     A  partial  Bnalysia  of  anch  n  deposit  scrnped  from  a  piston 
head  is  given  below. 

Fixed  carbon, s:>:M 

Hydrocarbona  EoluUo  in  tther, ~Ti2 

NeulnU  fatty  oil, 3'07 

Fatty  Bcida,  free,  and  comliined  with  metallic  oxides, .  2'02 

Ash  ;  chiefiy  oxides  of  iron,  with  sinitll  i^uunlitieB  of  cojijicr 

oxide,  lead  oxjd?,  etc., 44'SS 

Moisture, 2-21 

L'ndetermined  and  losii, 4'46 

100^ 
Fatty  oila,  however,  when  mixed  with  mineral  oils,  in  qitantitleB  not 
exceeding  5  to  20  per  cent.,  do  not  aeem  to  produce  these  objection- 
able reaidts  f^o  readily  ;  indeed,  the  lubrieiition  of  parts  which  have  to 
carry  very  heavy  loads  Is  greatly  improved  by  the  addition  of  such 
oila. 

When  surface  coiidenaers  are  used,  and  the  condensed  water  Is 
again  passed  into  the  hollers,  great  care  must  be  exerciaod  to  preveat 
the  passage  of  the  oil  used  for  the  lubrication  of  the  cylinders  into 
them.  Tallow,  auet,  castor  oil,  and  other  animal  and  vegetable 
1ubri(!anls  must  not  be  used  in  sueb  cases,  even  in  small  quantities, 
for  the  acids  liberated  by  the  action  of  beat  and  water  vapour  pass 
into  the  boilers  and  cause  aerious  corrosion.  Theae  acids  cannot  bo 
aeparated  from  the  water  by  merely  allowing  it  to  rest  for  a  time  in 
a  tank ;  they  remain  to  a  large  extent  suspended  in  the  water,  giving 
it  an  opalescent  appearance.  Mineral  oil  also  remains  suspended  in 
condensed  water  in  a  very  fine  atate  of  division,  and  even  though  a 
considerable  qiututity  may  rise  to  the  surface  and  be  removed, 
aufficieut  may  remain  in  snapension  to  produce  very  aerious  efl'eclw 
upon  the  flues.  Indeed,  Its  presence  may  so  check  the  passage  (' 
beat  through  the  boiler  plates  as  to  cause  them  to  collapse.  When 
the  water  \n  paased  through  an  efficient  filter  before  entering  the 
boiler,  and  is  tliereby  made  bright  and  clear,  no  corrosive  action 
appears  to  take  place,  the  grease,  etc.,  being  for  all  practical  purposes 
eliminated. 

The  deleterious  effects  produced  by  the  ncticn  of  a  lubricant  0 
marine  boilers,  when  surface  condenaera  have  to  be  used,  have  led  to 
marine  onginea  being  run  without  any  direct  lubrication  uhatever 
of  their  sienin-ohests  or  cylinders,  though  a  certain  amount  of  oil 
Rnda  its  way  in  from  the  swabbing  of  piaton  rods,  etc.  Thia  c 
often  be  done  without  any  very  serious  wuitr  taking  place,  for  tlio 
load  on  the  ruhhing  surfaees  of  many  wulMeaigncd  enginea  is  very 
small,  but  with  new  engines  slow  speeds  must  be  adopted  to  begin 
with,  and  the  surfaces  allowed  to  'liuriiish'  and  acquire  bard  skina. 
For  remarks  ou  the  use  of  Rmphlte  in  cylinder  oils,  uud  of  mixtures 
of  glycerine  and  graphite,  see  p.  470. 

Applicaliim  of  CyHruUr  awl  Vtilvt  Lutiruiantt.—Even  when  the 
lubricant  nse<i  for  cylinders  in  a  good  one,  It  ia  sometlmca  found  that 
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the  parts  are  imperfectly  lubricated.  This  may  arise  from  seyeral 
causes,  most  of  which,  however,  can  be  traced  to  superficial  tension 
phenomena. 

It  has  already  been  explained  that  water  will  not  touch  the  oiled 
surface  of  a  solid,  although  the  relative  superficial  tensions  of 
metal,  oil,  and  water  are  such  that  the  latter  has  a  greater  affinity 
for  the  metal  than  oil  has.  But  oil  cannot  be  readily  moved  from  a 
metallic  surface  by  water,  for  the  oil  is  nearly  insoluble,  and  evapo- 
rates very  slowly.  On  the  other  hand,  water  may  be  readily  repla^ 
by  oil,  owing  to  the  facility  with  which  the  water  evaporates  and 
leaves  a  comparatively  clean  surface  for  the  oil  to  cover.  The 
superior  affinity  of  a  metallic  surface  for  water  rather  than  oil  is  also 
shown  by  the  rapidity  with  which  water  will  displace  the  oil  from  a 
bearing  where  there  is  abrasion  going  on,  and  will  cause  it  to  run 
hot.  The  presence  of  water  in  a  steam>cylinder  or  steam>chest  is 
consequently  deleterious.  The  friction  of  the  faces  rubs  off  the  oil, 
and  if  water  be  present  in  bulk,  it  covers  the  surfaces,  and  if  the 
loads  be  heavy,  they  grind  and  tear  in  the  absence  of  a  lubricant. 

The  condensation  which  takes  place  in  a  long  steam-pipe  will 
often  send  so  much  water  into  the  engine  cylinders  that  lubrication 
becomes  impossible.  To  prevent  this,  separators  are  fitted  so  as  to 
dry  the  steam  before  it  is  used.  A  vertical  exhaust  pipe  not  fitted 
with  a  drain  pipe  to  carry  away  the  water  will  also  cause  wear  and 
tear  of  the  valves,  for  the  water  condensed  in  the  cylinders  cannot  get 
away  freely.  Difficulty  is  often  experienced  when  valves  are  placed 
on  the  top  of  the  cylinders,  for  the  water  in  the  cylinders  and  steam- 
chest  cannot  escape,  but  remains  on  the  cylinder  bottom  and  the 
valve  faces. 

The  D  valves  of  non-compound  high-pressure  engines,  especially 
when   not   balanced,  press   very  heavily  upon   their  faces,  but  the 

stroke  being  small,  and  the  speed  of  rubbing  low, 

the  heating  effect  is  not  large.     The  pressure  upon 

them,  however,  is  so  great,  that  where  at  their  ends 

there  is  any  considerable   length   of  valve   seating 

Fin.  155.  which,  owing  to  the  short  stroke,  is  not  exposed  to 

the  steam,  the  surfaces  are  apt  to  grind  and  tear. 

To  ensure  the   proper  lubrication  of   this  part  of  the  valve  face, 

grooves  may  be  cut  in  it,  as  shown  in  fig.  155. 

We  have  in  a  previous  chapter  described  one  or  two  forms  of 
lubricator  designed  to  steadily  introduce  a  lubricant  into  the  steam 
spaces  without  entailing  loss  of  either  steam  or  oil.  Such  a 
lubricator  is  generally  placed  above  the  point  where  the  steam-pipe 
enters  the  steam  chest.  It  must  not  be  placed  above  the  main 
steam-valve,  for  when  the  engine  is  not  at  work,  the  steam-pipe  may 
become  filled  with  condensed  water  and  the  lubricator  allowed  to 
feed  into  it.  Rising  up  the  water-logged  steam-pipe,  the  oil  will 
flow  into  the  boiler,  and  may  cause  serious  injury  there.  The  pipe 
conveying  the  oil  from  the  lubricator  should  be  carried  well  into  the 
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steam-pipe,  so  that  the  lubricant  may  be  delivered  into  the  rapid 
current  of  steam  and  not  allowed  to  run  down  the  sides  of  the  pipe. 
Indeed  it  is  a  good  plan  to  carrj  the  oil-supply  pipe  right  across  the 
steam-pipe,  and  allow  the  oil  to  escape  through  a  number  of  side 
perforations.  When  this  is  done,  the  oil  escapes  at  several  points, 
is  well  distributed  over  the  column  of  steam  in  the  steam-pipe, 
covers  the  surface  of  each  particle  of  water  passing  with  the  steam, 
or  is  carried  as  spray  to  all  parts  of  the  steam-chest.  The  water 
particles,  being  covered  with  a  pellicle  of  oil,  then  lubricate  instead 
of  merely  wetting  with  water  the  surfaces  upon  which  they  impinge. 

Management  of  Machinery. — Cleanliness. — One  of  the  first  points 
to  be  attended  to,  if  machinery  is  to  be  kept  in  good  order  and 
work  satisfactorily,  is  cleanliness.  We  have  already  pointed  out  the 
necessity  of  keeping  grit  and  dirt  of  Tarious  kinds  out  of  the  lubricants 
used.  But  rapid  wear  and  even  overheating  may  result  from  dust 
blown  about  the  engine  or  machine-room.  On  this  account,  proper 
care  should  be  taken  to  prevent  the  accumulation  of  dust  in  corners, 
louvres,  etc.,  for  in  windy  weather  it  is  liable  to  be  suddenly 
scattered  over  the  machinery.  Indeed,  every  precaution  should  be 
taken  to  prevent  the  admission  of  grit  and  dirt,  the  floors  being 
moistened  and  swept  repeatedly,  and  every  comer  scraped  clean. 
In  many  cases  it  is  well  to  cover  motors,  dynamos,  etc.,  when  not  at 
work,  by  canvas  coverings. 

The  extent  to  which  proper  care  is  taken  to  keep  the  machinery 
in  order,  and  in  proper  running  condition,  is  nearly  always  reflected 
by  the  general  appearance  of  the  installation.  Carelessness  of  man- 
agement go  hand  in  hand  with  dirty  machinery  and  untidy  engine- 
houses  and  shops.  In  many  of  our  modern  engine-rooms,  dust,  dirt, 
and  scattered  oil  or  waste  are  considered  as  much  out  of  place  as 
they  would  be  in  a  dwelling-house. 

The  nature  of  the  task  imposed  upon  the  engineer  in  charge  of  an 
engine-room  or  mill  depends  largely  upon  the  design  of  the  machinery 
he  has  to  look  after.  As  extreme  cases  we  may  contrast  the  huge, 
slow-moving  pumping  engine  of  the  last  decade  with  the  compara- 
tively light,  high-speed  motors  furnishing  power  for  a  modern 
electric-light  station.  In  the  one  case  lubrication  is  generally  eflected 
by  the  old  imperfect  siphon  arrangements,  and  in  the  other  by  the 
more  modern  automatic  methods  giving  perfect  lubrication.  On  the 
score  of  satisfactory  running  there  is  little  to  choose  between  the  two 
methods,  but  the  older  machines  cannot  compare  as  regards  first 
cost  and  economy  with  the  more  modern  designs.  But  it  frequently 
happens  that  steam,  gas,  and  oil  motors  are  made  to  run  at  speeds 
for  which  their  lubricating  arrangements  are  quite  unfitted,  and  it  is 
only  by  the  exercise  of  the  greatest  care  that  casualties  can  be 
avoided.  Free  lubrication  and  good  fatty  oils  being  necessary, 
splashers  have  to  be  fixed  in  such  a  way  as  to  prevent  the  oil  from 
being  thrown  about,  and  tins  placed  to  catch  that  portion  of  the 
lubricant  which  is  ejected  at  the  ends  oC  the  \>iqj^^%. 
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High  speeds  may  be  considered  as  ranging  from  500  to  15,000 
revolutions  per  minute,  the  higher  speeds  being  generally  confined  to 
comparatively  small  spindles  transmitting  considerable  power,  and 
the  lower  speeds  to  shafts  several  inches  in  diameter.  To  run 
successfully,  the  lubrication  must  always  be  good,  for  the  least  failure 
in  the  oil  supply  causes  the  bearings  to  nin  hot.  To  ensure  success- 
ful running,  the  oil-bath  principle  should  be  adopted,  the  lubricant 
being  thrown  continuously  over  the  portion  of  the  bearing  on  the 
opposite  side  to  that  of  the  brass  which  carries  the  load.  This  may 
be  effected  either  by  the  action  of  a  disc,  chain,  or  hoop  on  the  shaft, 
or  by  a  small  pump  raising  the  oil  from  a  reservoir  below  the 
bearing. 

In  some  high-speed  bearings  for  shafting,  which  have  only  an 
imperfect  automatic  supply,  additional  cups  filled  with  grease  are 
placed  at  the  ends  of  the  bearings.  Should  they  run  hot,  this  grease 
melts,  runs  out,  lubricates  the  rubbing  surfaces,  and  prevents  for  the 
moment  any  serious  injury.  The  covers  of  such  grease  cups  often 
rest  upon  the  grease  and  fall  when  it  runs  away,  thus  warning  the 
man  in  charge  of  the  need  of  replenishing. 

At  the  present  time  the  whole  tendency  of  modem  engineering  is 
to  run  every  machine  at  its  greatest  possible  speed,  and  thus  get  a 
maximum  amount  of  work  out  of  a  motor  of  minimum  size  and 
weight.  To  enable  this  to  be  successfully  accomplished,  the  new 
methods  of  lubrication  have  to  be  adopted  and  the  old  loose  methods 
of  engine-room  management  replaced  by  methods  which  entail 
constant  watchfulness  concerning  the  details  of  lubrication. 

The  attendant  in  charge  of  high-speed  machinery  must  exercise  all 
possible  care  and  attention,  for,  as  we  have  pointed  out,  machines  are 
frequently  made  to  run  at  speeds  for  which  the  methods  of  lubrica- 
tion adopted  quite  unfit  them. 

Starting  of  New  Machinery. — To  ensure  the  proper  working  of  any 
such  complicated  piece  of  mechanism  as  a  steam  engine,  especially  if 
it  be  run  at  a  high  speed  and  with  a  heavy  load  on  the  bearings,  or 
if  the  work  transmitted  or  developed  be  large,  much  depends  upon 
the  intelligence  of  the  erecting  fitter  or  of  the  engineman  who  sets  the 
machine  in  motion.  Of  course  the  bearings  may  be  so  designed  that, 
owing  either  to  the  strains  set  up  by  the  stresses  acting  on  them,  or 
to  the  expansion  of  the  parts  from  the  heating  of  the  cylinders,  etc., 
the  rubbing  surfaces  are  pressed  together  with  undue  force  in  places, 
and  cannot  possibly  run  cool  without  some  small  alteration  being 
made  or  additional  clearance  given.  Upon  the  engineer  in  charge, 
therefore,  falls  the  duty  of  making  good  such  defects  in  the  bearings, 
or  their  method  of  lubrication,  giving  freedom  to  certain  parts, 
such  as  slide  bars,  to  expand  so  that  they  may  not  buckle  with 
changes  of  temperature,  putting  in  lubricating  grooves,  etc.,  where 
they  have  been  omitted,  arranging  for  the  proper  escape  of  condensed 
water  from  the  cylinders,  and  taking  care  that  all  the  surfaces  have 
been  properly  bedded  together.     All  omissions  detected  or  alteratioDS 
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u  all  precautioDB  have  been  tuken,  au  engine  will  seldom 
run  cool  if  it  be  at  once  worked  with  the  full  limd  on  or  at  its 
maximum  speed.  This  arises  from  the  fact  that  for  good  lubrication, 
and  to  obtain  a  low  coefficient  of  friction,  the  working  parts  must 
bed  theuiselTes  together  in  a  way  which  a  fitter  is  quite  unable  to 
imitate.  Indeed,  iu  a  short  time  all  bearings,  if  property  designed, 
are  worn  to  a  shape  which  enables  the  lubricant  to  be  drawn  in 
between  the  surfaces  and  wedge  them  apart.  When  this  shape  has 
once  been  attained,  further  wear  at  running  speedu  almost  ceases, 
especially  if  suitable  methods  of  lubrication  and  proper  lubricants 
be  used.  The  machine  shotild  consequently  in  the  first  instance  be 
run  with  a  light  load  at  a  very  low  speed.  Under  those  conditions 
the  wear  is  compttratively  rapid,  esfjecially  if  a  moderately  thin 
mineral  oil  be  used  and  the  journals  and  pins  be  allowed  to  bed 
themselves  in  the  brasses.  The  speed  should  then  be  increased,  and 
the  blended  oil  used  when,  after  some  hours'  running,  the  working 
speed  has  been  attained.  During  this  stage  it  is  well  to  supply  the 
lubricant  liberally,  to  prevent  overheating. 

In  the  case  of  railway  vehicles,  even  when  the  greatest  care  is 
taken,  a  journal  may  run  hot ;  it  then  becomes  necessary  to  change 
the  brass.  A  hard  white-metal  or  bronze  bearing  cannot  he  expected 
to  run  well  at  first,  evcu  if  very  carefully  fitted,  for,  as  stated  above, 
the  correct  form  of  the  surface  can  only  bo  brought  about  by  wear,  and 
whilst  such  wear  Is  going  on  at  high  speed  the  heat  developed  may  he 
very  great.  To  enable  a  vehicle,  a  bearing  of  which  has  become  so  hot 
OS  to  damage  the  rubbiug  aurfaoea,  to  be  run  at  once,  a  new  brass  may 
be  put  in  with  a  lead  surface  about  j'g  inch  thick.  This  rapidly 
beds  itself  upon  the  journal  in  such  a  way  as  to  form  a  good  surface 
whore  the  journal  is  smooth,  and  does  not  bind  heavily  where  the 
journal  is  damaged.  A  lead  surface  of  this  kind,  H.  It.  Haigh  states, 
will  run  several  hundred  thousand  miles  without  being  worn  otT. 

MfthtMlicai  Habits  of  Lubriealion. — The  most  prolific  source  of 
trouble  eiperienced  with  machinery  arises  from  the  occasional  failure 
of  the  attendant  to  give  each  bearing  iht  proper  supply  of  oil.  No 
doubt  an  unsuitable  oil,  the  presence  of  grit,  or  some  such  cause  may 
easily  result  in  overheattd  bearings,  but  as  a  rule  there  must  be  a 
practically  complete  failure  of  the  snpply  to  give  rise  to  a  casualty. 
That  this  may  happen  very  easily  will  \m  recognized  when  the 
number  of  bearings  to  be  oiled  in  some  machines  is  remembered ; 
for  a  single  oil-hole  or  cup  missed  during  a  round  of  oiling  will  oflen 
lead  to  grave  reHults.  Kiioli  bearuig  and  rubbing  face  of  a 
locomotive,  for  instance,  niiist  be  lubricated  lieforo  starting,  each 
bearing  receiving  a  suihcient  supply  to  last  for  about  ISU  miles.  In 
this  case  forgotfulness,  or  the  non-adoption  of  a  good  system  of  oiling 
bj  the  driver,  may  delay  an  express  train  for  hours. 

To  minlmi;cc  the  trouble  arising  from  such  causes,  the  engine  attend- 
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ant  should  systematically  examine  and  occasionally  feel  the  metal  of 
all  bearings,  so  as  to  detect  any  case  of  overheating  in  its  early  stages, 
and,  when  oiling  a  machine,  should  proceed  in  the  same  manner  on 
every  occasion,  always  taking  the  bearings  in  the  same  order,  so  as 
to  reduce  the  risk  of  missing  any.  Even  in  the  case  of  the  sewing 
machine  or  cycle,  this  should  be  carried  out.  With  such  machines 
there  is  a  descriptive  pamphlet  often  given,  showing  each  oil-hole 
numbered.  By  following  the  instructions  and  giving  each  hole,  etc., 
oil  in  Ihe  order  stated,  it  will  be  almost  impossible  for  any  important 
bearing  to  seize.  In  the  case  of  a  locomotive,  the  driver  should 
commence  at  the  leading  end,  say  on  the  right-hand  side,  and  then 
systematically  oil  each  bearing  as  he  moves  towards  the  end  of  the 
tender  and  back  along  the  left  side  of  the  engine  to  the  front  again. 
By  adopting  some  such  methodical  plan,  the  risk  of  missing  any 
bearing  and  thereby  causing  a  failure  is  reduced  to  the  smallest 
possible  proportion.  The  same  plan  should  be  followed  in  putting 
the  trimmings  into  the  oil-holes  of  siphon  lubricators  before  starting 
from  a  station. 

Examinatiims  of  Bearings, — Assuming  that  all  the  bearings  and 
lubricated  surfaces  are  in  good  condition  after  a  motor,  machine  tool, 
or  mechanism  for  the  transmission  of  power  has  been  set  to  work, 
it  by  no  means  follows  that  they  will  continue  to  remain  so  for  more 
than  a  few  months  without  being  properly  cleaned  and  small  defects 
made  good.  Careful  periodical  examinations  must  therefore  be  made 
of  each  bearing,  for  it  frequently  happens  that  valves  wear  out  with 
unexpected  rapidity,  oil-ways  become  choked  with  metal  or  dirt, 
brasses  fracture  along  the  crown,  white-metal  partially  runs  out  of 
the  recesses  prepared  for  it,  lubricating  pads  become  glazed,  and  a 
hundred  other  defects  reveal  themselves.  In  the  case  of  a  locomotive 
or  a  motor  driving  an  electric-light  station,  any  such  failure  will,  if 
not  discovered  and  remedied  in  time,  lead  to  a  breakdown,  and  either 
delay  a  train  or  temporarily  extinguish  the  lights. 

Although  it  is  advisable  to  examine  bearings  at  stated  intervals, 
yet,  unless  they  have  been  getting  warm  or  knocking,  or  there  is 
some  defect  or  flaw  which  requires  attention,  the  parts  taken  to 
pieces  should  be  replaced  exactly  as  they  were  when  removed.  It  is 
a  great  mistake  to  always  refit  or  rebed  the  brasses,  for  it  is  im- 
possible to  give  the  surfaces  the  form  which  gives  the  least  frictional 
resistance.  Wear  alone  can  do  this.  Examinations  should,  there- 
fore, be  confined  to  seeing  that  all  the  parts  are  sound,  *  tinkering ' 
with  the  rubbing  surfaces  being  avoided  as  much  as  possible.  Indeed, 
a  well-designed  and  properly  cared-for  engine  should  run  for  years 
without  the  use  of  either  a  file  or  a  chisel,  provided  it  be  kept  clean 
and  the  lubricating  appliances  be  always  in  good  working  order. 

In  dusty  or  dirty  situations,  where  the  oil  has  a  tendency  to 
thicken,  or  in  cases  where  the  wear  of  the  bearing  or  shaft  is  con- 
siderable, deposits  are  apt  to  form  in  the  oil-ways  and  prevent  the 
proper  flow  of  the  lubricant.     To  prevent  such  deposits  from  collect- 
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ing  lo  a.  serioua  extent,  pedestal  caps,  et<.,  should  be  ocoasionall^ 
removed  and  cleaDcd. 

When  pad-lubrjcatiou  is  resorted  to,  it  is  necessary  to  remove  the 
pods  every  few  weeke  and  clean  the  Kurfaoe  which  comes  in  contact 
with  the  moving  surface,  for  the  wool  often  becomes  glaied  by  the 
metallic  surface  against  which  it  rubs,  The  pad  must,  tlierefore,  bo 
scraped  clean  and  well  oiled  each  time  it  is  removed,  i.e.  about  once 
a  week.  Unless  this  be  done  regularly  and  often,  the  bearing  will 
not  keep  cool  and  wear  well. 

Trimmings  also  require  frequent  eiaminatioa  and  renewal.  In 
warm  places  fatty  oils  gum  and  clog  the  pores,  as  does  dirt  in  dusty 
places.  Want  of  proper  attention  to  trimmings  is  a  fruitful  source 
of  heated  bearings,  for  the  volume  of  oil  supplied  by  them  varies 
with  the  number  of  slrunds  or  with  the  fit  of  the  woollen  plug  in  the 
oil-hole.  Any  change  either  in  the  fluidity  of  the  oil  or  in  the 
cleanliness  of  the  pores  also  alters  the  rate  of  supply  to  the  bearing. 

Where  the  lubricant  is  supplied  by  oil-cups  fitted  with  small  valves 
at  the  bottom  in  such  a  way  that  the  rate  of  feed  may  be  judged  by 
the  rale  at  which  the  oil  falls  from  a  small  nozzle,  the  passages  are 
apt  to  become  suddenly  clogged  by  mucilage  or  dirt  stirred  up  from 
the  bottom  of  the  roaervoir.  They  should,  therefore,  be  regularly 
examined  and  cleaned  out.  The  oil  should  also  be  removed  periodi- 
cally from  all  reservoir  bearings,  filtered,  and,  if  not  too  acid,  used 
ov«r  again. 

ExaminatioH  Book. — To  ensure  the  examinations  being  really  made 
at  the  rei]uired  intervals  b;  those  whose  duty  it  is  to  attend  to  such 
matters,  an  examination  l)Qok  should  be  kept  in  which  is  clearly 
stated  the  nature  of  all  periodical  examinations,  a  column  being 
provided  for  the  engineman  or  fitter  to  sign  after  having  made  each 
inspection. 

The  necessity  for  adopting  this  course  is  the  greater  the  larger  the 
station  or  mill,  and  the  more  numerous  the  machines  of  various  kinds 
it  contains.  Such  machines,  motors,  or  lines  of  shafting  must  be 
consecutively  numbered,  so  that  they  may  be  easily  identified  and 
the  entries  referring  to  repairs  or  examinations  properly  kept  up, 

(f  such  a  liook  be  not  kept,  the  engineer  in  charge  cannot  expect 
each  motor,  etc.,  to  be  properly  and  regularly  attended  to,  for  some 
portions  of  the  machinery  will  receive  undue  attention,  whilst  others 
will  be  neglected,  and  all  sorts  of  difficulties  will  arise  which  a  bettur 
orgauiEed  system  would  prevent. 

Pretervaiicm  of  Maehinery  nol  in  Rei/ular  Ute.^lt  frequently 
happens  that  an  engine  plant  for  the  supply  of  power  Is  put  down  iu 
duplicate,  and  parts  may  have  to  stand  idle  for  weeks  or  oven  niontha, 
Whenever  possible  such  engines,  etc.,  should  be  worked  alternately, 
BO  that  all  the  surfaces  may  be  kept  clean,  xmooth,  and  in  good  uua- 
diliou.  When  such  motors  as  marine  engines  liave  to  stand  idle  in 
dock,  it  is  well  to  get  up  steam  occasionally  and  run  the  engine  for  a 
fov  hours.     Should  this  he  unjiossiblc,  the  euginc  must  be  '  pinched  ' 
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round  once  each  day  to  keep  the  cylinder  faces  in  good  order.  Discs 
fitted  with  teeth  are  often  keyed  on  to  the  shaft  for  this  purpose. 

Protection  of  Polisfied  Surfaces. — In  cases  where  an  engine  or 
machine  is  to  lie  idle  for  any  length  of  time  a  better  plan  is  to  tcUce 
the  jxirts  to  pieces,  clean  all  the  rubbing  surfaces,  and  cover  them 
with  a  protective  paint.  The  same  treatment  should  be  accorded 
to  accurately  machined  faces  which  are  to  be  used  for  rubbing,  and, 
indeed,  all  light  work  which  is  to  be  kept  ready  for  use,  as  soon  as 
it  is  finished.  Unless  this  plan  be  adopted,  the  bearing  surfaces 
will  become  pitted  and  rusted  to  such  an  extent  that  the  machine 
will  cost  more  to  repair  than  it  is  worth. 

The  most  commonly  used  mixture  for  this  purpose  is  one  consist- 
ing of  white  lead  and  tallow.  It  forms  a  good  cover  when  put  on 
warm,  and  it  does  not  corrode  the  metals  as  the  acid  constituents  of 
the  tallow,  if  there  be  any,  are  converted  into  lead  soaps.  The 
white-lead  in  this  mixture  plays  the  part  of  the  lime  or  soda  in  the 
numerous  axle  or  other  greases.  Neutral  petroleum  jelly  is  also 
very  effective  in  preserving  bright  steel  from  rust,  if  the  surfaces  to 
which  it  is  applied  are  perfectly  dry. 

When  the  machinery  is  for  export  purposes,  and  may  be  exposed 
to  rain  or  moist  air,  the  surfaces  must  be  covered  with  black  enamel 
or  japan,  which  effectually  protects  them  from  rust,  even  if  they 
should  be  immersed  in  water  for  many  hours. 

Overlieating  of  Bearings. — We  have  already  mentioned  a  number 
of  causes  which  may  lead  to  overheating,  which  should  have  been 
provided  against  either  whilst  the  machine  was  being  erected  or 
during  the  preliminary  or  trial  runs.  It  sometimes  happens,  how- 
ever, that  a  bearing  may  run  short  of  oil  for  a  few  minutes,  or  that 
grit  may  get  between  the  surfaces  and  cause  trouble.  "When  this 
occurs  to  a  marine  engine  bearing  and  the  damage  likely  to  be  done 
to  the  engine  is  less  serious  than  that  w^bich  would  result  from  the 
stoppage  of  the  vessel,  it  is  the  custom  to  turn  a  stream  of  water, 
if  possible  soapy  water,  upon  the  heated  parts  and  keep  going.  In 
many  cases  plumbago  thrown  over  the  heated  surface,  or  run  on  to 
it  mixed  with  oil,  will  prevent  serious  injury.  Much  the  same  may 
be  said  of  a  locomotive  bearing  as  regards  the  advisability  of 
stopping,  but  here  nothing  must  be  done  which  will  endanger  the 
safety  of  the  train.  Electric-light  engines,  where  they  are  in  dupli- 
cate, and  most  other  motors,  machine  tools,  etc.,  can  be  stopped  for 
examination  at  once.  Unless  this  be  done  promptly,  the  injury 
sustained  may  necessitate  a  new  step  or  journal. 

In  all  cases  of  sudden  heating  it  is  wise  to  at  once  use  a  good 
fatty  oil,  as  this  kind  of  oil  does  not,  to  the  same  extent  as  mineral 
oil,  lose  viscosity  with  rise  of  temperature,  and  the  fixed  oils  are  more 
'oily.'  A  can  of  rape  or  olive  oil  may  be  kept  handy  for  such 
emergencies. 

To  run  without  attention  a  bearing  which  becomes  heated  day 
after  day  is  a  great  mistake,  as  there  must  be  something  radically 
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wroug  to  cause  such  lienliug.  The  shaft  or  journal  may  be  oval,  one 
or  other  of  the  Burfuce.s  damaged,  grooved,  or  flawed,  the  oil-ways 
blocked  up,  the  footstep  distorted  by  overheating,  the  lubricator 
working  improperly,  tlie  shaft  sprung  out  of  line,  etc.  It  might 
not  appear  nt  first  sight  that  n  mere  crack  in  the  crown  of  a  brass, 
especially  as  it  scarcely  atfects  the  area  of  contact,  would  cause 
trouble.  But  it  must  be  romeaibered  that  such  a  crack  allows  the 
oil  to  escape,  and  largely  retlucea  the  carrying  power  of  the  oil-lilm. 

C.  W.  Naylor'  meutions  a  ca&e  where  two  5-inch  diameter  shafts, 
carried  in  plain  babbited  cast-iron  bearing  boxes  split  on  a  horizontal 
plane,  each  shaft  transmitting  power  by  belting  from  n  steam  ciigioe 
to  five  electric  generators,  persistently  ran  hot  when  lubricated  with 
oil  or  grease.  As  the  pull  of  all  the  six  belts  on  each  shaft  was 
horizontal,  the  oil  was  probably  forced  out  through  the  split  iu  the 
boiea.  However,  it  waji  eventually  found  possible  to  lubricate  these 
bearings  with  water,  a  small  stream  being  allowed  to  trickle  Lhrongli 
the  Ixiarings  whilst  nmuing,  and  oil  being  fed  into  the  bearings  only 
during  UvG  minutes  before  closing  down,  in  order  to  prevent  rusting. 
The  wear  on  the  babbit  and  boxes  during  eleven  years,  whilst  lubri- 
cated with  water  in  this  manner,  was  found  to  be  only  j-incb,  and 
ou  the  shaft  nil.  The  temperature  of  the  engiao-roora  was  about 
100°  F.,  the  water  varying  in  temperature  from  45'  in  winter  to  G5' 
in  summer.     The  shafting  ran  quite  cool. 

The  real  condition  of  a  bearing  which  habitnally  heats  can  only  be 
ascertained  by  taking  the  parts  to  pieces,  and  when  this  has  been 
done  tliere  is  no  excuse  for  not  making  every  defect  good. 

Bearings  which  tit  too  closely  are  very  apt  to  run  hot ;  ou  the 
other  hand,  those  which  are  too  loose  make  a  great  noise,  and  the 
repeated  blows  not  only  tend  to  produce  and  develop  flaws  in  the 
moving  parts,  but  also  to  dam^e  the  surfaces.  What  ahoiild  he 
aimed  at  is  a  free  bearing  in  which  there  is  room  for  the  oil-lilm  to 
form. 

Friction  and  serious  heating  may  be  produced  by  using  a  lubricant 
either  too  low  or  too  high  in  viscosity.  When  the  viscosity  is  too 
low,  the  oil  pressure-fllm,  which  keeps  the  bearings  of  rapidly 
moving  machinery  from  touching,  does  not  form  properly,  and  solid 
friction  results.  On  the  other  band,  when  the  viscosity  is  too  great, 
the  frictioual  resistance  of  the  film  may  be  so  large  that  the  bearing 
becomes  warm  or  even  hot.  That  it  is  best  to  use  an  oil  having  as 
small  a  viscosity  as  possible  has  beeu  demonstrated  over  and  over 
Again,  especially  when,  as  in  the  case  of  t*»tilo  or  printing  machinery 
and  dynamos,  the  Itearings  run  at  high  speeds  and  the  loads  per 
square  inch  are  small.  The  beat  liberated,  aud  therefore  the  friction 
encountered,  is  proportional  to  the  internal  friction  of  the  lubricant ; 
and  when  it  is  rcmenil>ore<]  that  nt  high  speeds  there  is  a  continuous 
film  of  oil  Boparatiug  the  surfaces,  and  that  the  friction  in  journals 
and  spiudles  is  proportional  to  the  viscosity  of  the  oil,  it  is  clear 
'   rni'w.  Amrr.  Soe,  Merh.  Evg.,  vol.  ixrii,  p.  182. 
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that  heating  is  as  likely  to  be  due  to  the  want  of  fluidity  of  the 
lubricant  as  to  actual  metallic  contact  action.  The  best  results  are 
consequently  obtained  by  using  lubricants  of  the  lowest  permissible 
viscosity.  Yet,  frequently,  the  engineer  in  charge  assumes  that  the 
heating  results  from  the  rubbing  of  the  surfaces  against  each  other, 
and  is  surprised  to  find  that  when  he  uses  a  thicker  oil  his  bearings 
become  still  hotter. 

Main  engine  bearings,  the  steps  of  which  are  separated  into  several 
portions,  are  very  apt  to  run  warm.  This  arises  from  the  fact  that  to 
obtain  good  lubrication  each  of  the  brasses  should  be  able  to  assume 
the  relative  positions,  with  regard  to  the  journal,  shown  in  fig.  102, 
p.  404. 

When  there  is  only  one  bearing  step,  the  shaft  or  journal  can 
place  itself  in  the  position  necessary  to  give  it  carrying  power,  but, 
on  the  other  hand,  when  there  are  two  or  three  separate  brasses, 
they  must  have  freedom  to  move  into  such  positions  that  there  shall 
be  a  wider  gap  on  the  'on'  than  on  the  'off'  sida  The  degree  of 
freedom  required  is  very  small.  The  best  way  to  secure  it  will 
depend  in  each  case  upon  the  adjusting  arrangements. 

It  sometimes  happens  that  a  locomotive  axle-box  bearings  fed  with  oil 
through  a  hole  and  groove  in  the  top  of  the  brass,  will  run  hot,  and 
continue  to  do  so,  although  every  care  has  been  taken  to  secure  well- 
fitting  faces.  Now  it  has  been  repeatedly  shown,  especially  with 
mineral  oil,  and,  less  markedly,  with  fatty  oils,  that  when  the  oil  is 
supplied  in  this  way  it  is  unable  to  properly  wet  the  journal,  being 
scraped  off  by  the  closely-fitting  edges  of  the  groove.  Indeed,  the 
better  the  fit  of  the  brass  and  journal,  the  more  the  oil  is  confined 
and  prevented  from  getting  to  the  proper  place,  viz.,  the  *  on '  side  of 
the  briiss.  As  a  rule,  the  side  play  of  the  brass  enables  it  to  moimt 
on  the  curves  at  the  ends  of  the  journal,  and  in  this  manner  the  oil 
is  liberated  and  runs  over  the  journal.  A  couple  of  small  grooves 
from  the  oil-way  to  the  ends  of  the  brass  will  answer  the  same 
purpose  and  prevent  overheating,  provided  the  load  be  not  too  great 
(see  also  p.  400). 

A  siphon  may  cease  to  feed  long  before  the  oil  reservoir  is  empty, 
and  may  thus  mislead.  The  height  to  which  the  lubricant  can  be 
drawn  from  a  reservoir  by  a  trimming  depends  upon  the  fineness  of 
the  material  of  which  it  is  made.  Thus  cotton  wick  will  raise  the 
liquid  much  higher  than  worsted.  The  latter  material  only  lifts 
lubriciiting  oils  about  IJ  inches.  Lubricator  reservoirs  are  often 
made  much  deeper  than  this,  and  if  not  regularly  cleaned  out,  they 
gradually  become  partially  filled  with  a  sticky,  dirty  mass.  The 
better  plan  is  to  make  them  shallow  and  to  clean  them  out  often. 

A  bearing  which  habitually  runs  warm  cannot  be  considered  as 
working  properly,  even  if  it  never  actually  heats  so  badly  as  to  neces- 
sitate a  stoppage,  for  the  coefiSicient  of  friction  must  be  high  and  the 
waste  of  power  considerable.  Such  a  bearing  has  either  got  too 
much  weight  upon  it,  is  not  in  line  with  other  bearings  on  the  same 


THE   LUBRICATION    OF    MACHINERY,  403 

shaft,  or  its  surfaces  are  grooved  and  the  oil-film  cannot  form.  When 
this  ia  tlie  ease,  the  shaft  or  journal,  and  also  the  brass,  must  be  61ed 
or  machined  to  true  faces.  It  ocaisioiially  happena  that  on  taking 
the  pedestal  cap  or  brass  from  a  bearing  which  has  begun  to  get  hot, 
the  shaft  or  jourual  will  be  found  to  be  badl^  fianed. 

Selection  of  Lubricants. —^Although  it  is  clear  that  for  each  kind 
of  hearing,  speed,  and  load,  only  a  comparatively  few  varieties  of 
lubricants  out  of  the  great  number  placed  by  manufacturers  on  the 
market  will  be  found  to  give  equally  good  results,  in  practice  the 
disadvantageB  resulting  from  having  a  large  uiimber  of  oils,  elc,  in 
use  at  the  same  time  is  so  great  that  practical  men,  as  a  rule,  prefer 
to  use  a  few  lubricants  only,  selected  so  tbat  they  shall  answer  oa 
nearly  a«  possible  for  all  purposes.  Thi-i  limitation  iimy,  however, 
be  carried  to  extreme  lengths,  and  greater  waste  of  power  and  damage 
to  wearing  surfaces  caused  than  the  convenience  warrants. 

But  the  advantages  to  be  gained  by  carefully  selecting  lubricants 
according  to  the  kind  of  bearing  to  be  lubricated  are  clearly  becoming 
more  and  more  marked  as  time  goes  by,  for  the  speeds  at  which 
machines  run  are  becoming  greater  and  greater  each  year,  as  are 
also  the  loads  placed  on  many  of  the  bearinga.  The  conditions  under 
which  lubrication  has  to  be  eflected  are,  therefore,  rapidly  becoming 
more  diverse,  and  the  time  when  the  engineer  could  afford  to  use 
almost  any  lubricant  placed  on  the  market  has  passed  away. 

The  sciuiitilic  selection  of  lubiicants  can  only  bo  accomplished  by 
ascertaining  experimentally  the  extent  to  which  different  oils,  etc., 
reduce  wear  and  friction,  for  economy  in  the  cost  of  oil  is  often  only 
eft'ecled  by  greatly  increased  expense  in  other  directions.  This,  the 
most  important  aspect  of  the  problem  of  lubrication,  will  be  dealt 
with  presently. 

Cost  and  EfSdency  of  Lubricants, — Although  in  the  selection  of 
lubricauts  the  price  is  an  important  factor,  there  is  no  real  economy 
in  using  clieap  hut  unsuitabU'  oils.  This  will  readily  be  seen  when 
the  actual  expense  incurred  in  their  purchase  is  compared  with  that 
spent  on  fuel  and  on  re|>airs.  Indeed,  it  has  been  maintained  with 
Bomo  show  of  reason  that  the  consumer  can  frequently  better  atTord 
to  use  the  Idghcst  prictxl  and  beat  article  than  a  lower  priced  and 
inferior  one  supplied  free  of  charge.  This  is  certainly  the  cose  witli 
small  meohaniHuis,  such  aa  sowing-machines,  clocks,  and  the  like. 

Not  only  may  the  loss  by  friction  he  largely  increased  by  using  an 
uiincovwmrily  thick  luliriuint,  or  the  heatings  become  clogged  by  uaitig 
a  gnmming  oil,  hut  the  wear  ami  tear  of  the  surfikues  may  lM<eamc  very 
groat  and  the  life  of  the  parts  be  much  shortened  by  using  a  lubricant 
defioicntin  oilinp*».  It  is,  tborefore,  imperative  that  the  chemical  and 
mechaDioal,  as  well  as  the  commercial,  aspect  of  the  question  should 
receive  oan<ful  attention,  for  many  so-called  tpi'ci<U  oiln,  for  which  a 
high  price  is  demanded,  are  really  composed  of  very  cheap  ingredi- 
ontfl.  The  experimentally  aaoertained  quality  and  not  the  tirioe  aloue 
must  therefore  Iw  the  guiding  principle  in  the  aeleclioo  of  lubricnntf. 
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By  means  of  the  phjsicsd  tests  enumerated  and  described  in  detail 
in  previous  chapters,  the  viscosity,  ^mming  properties,  acidity, 
flash-point,  etc.,  of  various  lubricants  can  be  ascertained  in  the 
laboratory.  If  it  were  not  for  the  fact  that  there  is  as  yet  some  un- 
certainty regarding  the  methods  of  measuring  the  comparative  oiliness 
of  lubricants  of  different  visca<«ities,  there  would  be  little  difficulty  in 
deciding  which  of  a  number  of  lubricants  was  the  best  to  use  for  any 
particular  purpose.  Although  mechanical  testing  machines,  if  properly 
used,  give  us  some  considerable  information  on  this  head,  it  is  only  by 
a  knowledge  of  the  extent  to  which  each  lubricant  keeps  the  various 
bearings  cool,  and  reduces  friction  and  wear,  that  the  engineer  can 
judge  properly  whether  he  is  obtaining  the  best  possible  result. 

An  accurate  estimate  of  the  comparative  value  of  different  lubri- 
cants can  only  be  made  by  carefully  ascertaining  the  frictional  losses 
each  lubricant  entails  and  comparing  these  lasses  with  the  total  work 
done  by  the  prime  movers.  Knowing  the  cost  of  the  fuel,  etc.,  used, 
the  engineer  can  then  calculate  how  much  he  is  expending  in  unpro- 
ductive work  with  varying  conditions  of  lubrication.  By  occasionally 
weighing  his  pedestal  brasses,  valves,  etc.,  he  can  also  measure  the 
rate  of  wear  going  on  in  his  machinery.  A  knowledge  of  such  points 
will  enable  him  at  once  to  see  whether  he  is  losing  or  gaining  by  the 
adoption  of  any  particular  lubricant  or  lubricants,  and  also  to  note 
the  etfect  produced  by  changes  of  temperature.  Such  knowledge  is 
easily  gained  by  fixing  indicators  on  steam  or  other  motors  when  all 
or  certain  parts  of  the  machinery  are  running  light,  also  when  each 
machine  has  its  full  load,  and  again  under  normal  conditions.  In  all 
cases  when  the  power  used  is  an  important  item,  these  observations 
should  be  made  periodically,  the  results  entered  up  for  future 
reference,  and  a  balance-sheet  drawn  up  so  as  to  enable  the  cost  of 
power,  and  also  of  lost  work,  etc.,  to  be  compared  with  the  expense 
incurred  on  lubricants. 

Various  dynamometers  have  been  devised  for  measuring  the  power 
required  to  drive  machinery.  These  instruments  are  introduced 
between  the  motive  power  and  the  machine,  and  measure  the  power 
transmitted,  either  by  the  compression  of  a  spring  or  by  means  of  a 
weighted  lever.  An  apparatus  of  this  kind,  known  as  the  Emerson 
Cotton  Mill  Power  Scale,  is  illustrated  in  fig.  156,  and  its  application 
to  a  spinning  frame  is  shown  in  fig.  157.  For  these  blocks  we  are 
indebted  to  the  Florence  Co.,  of  Florence,  Mass.,  who  are  the  makers, 
and  to  whose  pamphlet  we  must  refer  our  readers  for  further  par- 
ticulars. The  following  results,  which  were  obtained  by  applying 
one  of  these  scales  to  a  corn  crusher,  were  kindly  communicated  to 
us  by  J.  T.  Potts  :— 

Material  crushed.  ^Y^'  T'        ^^^  ^1"^       Horse-power 

minute.  per  minute.  required. 

Oats, 161  8-3  0-874 

Maize,  161  14*8  0247 

Beans,  ....  161  177  0*410 
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known  to  alter  the  frictioD  of  the  machinery  of  a  large  mill  as  mnch 
as  15  or  20  per  cent.  In  other  instances,  a  reduction  of  50  per  cent. 
in  the  total  resistance,  and,  therefore,  of  the  fael,  etc,  used,  has  been 
effected  by  using  a  more  suitable  oil.  When  it  is  remembered  that 
this  means  that  the  frictional  loss  sometimes  amounts  to  considerably 
more  than  half  the  power  deyeloped  by  the  nM>tor,  the  importance  of 
using  a  suitable  lubricant  will  be  fully  appreciated. 

As  the  viscosity  decreases,  sometimes  rapidly,  with  rise  of  tempera- 
ture, a  lubricant  which  may  be  suitable  for  one  season  or  country 
may  not  suit  another.  The  effects  brought  about  in  this  way  may 
be  seen  by  comparing  the  coal  burned  from  week  to  week  during  the 
year  with  the  changes  the  mean  temperature  has  undergone  during 
the  same  intervals.  In  railway  work  this  is  particularly  noticeable, 
the  coal  consimiption,  partly  on  this  account,  being  much  greater 
during  winter  months  than  in  the  summer. 

Even  after  a  mill  has  stood  for  a  day,  the  bearings  will  have  cooled 
down  so  much  that  considerably  more  power  will  be  required  to  work 
it  during  the  first  few  hours  than  during  the  rest  of  the  run,  provid- 
ing the  temperature  of  the  air  does  not  fall  much  in  the  interval. 
This  must  be  borne  in  mind  when,  for  the  purpose  of  ascertaining 
the  efficiency  of  any  particular  lubricant,  the  indicated  horse-power 
required  to  drive  a  mill  is  measured. 

The  Efficiency  of  Mechanism. — In  a  machine  shop  or  factory  where 
power  is  used  for  carrying  on  any  process,  we  generally  have  a 
prime  mover  which  renders  available  the  energy  derived  from  some 
natural  source,  and  transmission  machinery  for  conveying  the  power 
so  obtained  to  any  point  for  the  actuation  of  npeeial  machinery  or 
machifie  tools.  The  mechanical  efficiency  of  the  motor  or  of  any  link 
in  the  mechanism  involved  in  the  transmission  of  power  is  obtained 
by  dividing  the  useful  work  performed  by  the  gross  energy  expended. 
Thus,  in  the  case  of  a  steam  engine,  if  the  indicated  horse-power  be 
100,  and  the  work  actually  delivered  on  the  belt  be  85,  the  efficiency 
would  be  0*85. 

In  some  cases  the  losses  arising  from  the  friction  of  shafting, 
etc.,  are  so  great  that  it  is  more  economical  to  transmit  the  power 
electrically  from  the  prime  mover  to  the  machine,  which  is  then 
fitted  with  a  small  electro-motor. 

Electrical  Transmission  of  Pofcer. — The  use  of  electrical  methofls 
for  the  transmission  of  energy  is  now  engaging  the  serious  attention 
of  mechanical  engineers,  for  it  enables  the  frictional  losses  of  l>earin^H 
to  be,  to  a  large  extent,  avoided.  The  resistance  of  the  electrical 
conductors,  however,  also  results  in  considerable  hmn  of  euerf^yf  and 
their  capital  cost  being  also  large,  electrical  methrxJs  of  trarmriiiHNion 
are  not  always  the  most  economical ;  but  where  fK>wer  has  i(*  Im) 
transmitted  to  a  number  of  scattered  points,  it  is  often  lK;Nt  Ut  havi!  a 
well-designed  central  generating  statigi^iafbsfefe^giQHinit  the  tuwruy 
electrically  to  the  several  shops 

Economical  Lubrication. — Bo(8Kr&neiCskVL<^^AvfK\^(N^W\\»  \WN*  \>w 
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particular  oil  is  more  economical  in  use  than  another,  a  balance-sheet 
must  be  drawn  up  showing  the  total  expenses  chargeable  to  each  of 
the  following  items : — 

1.  CJost  of  power  developed. 

2.  Cost  of  proportion  of  power  lost  in  friction. 

3.  Expenses  resulting  from  wear  and  tear. 

4.  Cost  of  lubricants. 

When  the  lubricants  are  very  unsuitable,  the  bearings  improperly 
designed,  or  there  is  careless  management,  other  losses  may  be 
incurred  which  will  not  fall  under  either  of  the  above  heads.  They 
include  broken  shafts,  heated  bearings,  rapid  wear,  etc.  It  is  such 
signs  that  often  first  direct  attention  to  the  fact  that  the  lubricants 
in  use  are  unsuitable.  Even  when  such  accidents  are  comparatively 
rare,  the  loss  by  friction  may  be  much  greater  than  it  ought  to  be, 
and  the  fact  that  comparatively  little  difficulty  is  experienced  in 
keeping  the  bearings  from  actually  getting  hot  should  not  be 
regarded  as  showing  that  good  results  are  being  obtained  as  regards 
economy  of  power. 

Indicating  of  Motors, — When  once  the  necessary  gear  has  been 
fitted  for  indicating  an  engine,  the  difficulty  of  ascertaining  the 
horse-power  at  any  given  moment  is  very  small.  Apart  from  the 
question  of  friction,  a  large  motor  should  have  indicator  diagrams 
taken  periodically  for  the  purpose  of  ascertaining  whether  the  valves 
are  properly  set  and  the  distribution  of  steam  satisfactory.  For  the 
best  method  of  procedure,  a  work  on  the  indicator  should  be  con- 
sulted. We  may  here  point  out,  however,  that  fluctuations  in  speed 
and  power  are  produced  by  the  action  of  the  governors,  etc.,  from 
minute  to  minute,  and  that  accurate  figures  can  only  be  obtained  by 
making  a  series  of  observations  extending  over  a  reasonable  interval 
of  time,  the  mean  of  the  results  obtained  from  each  set  of  indicator 
cards  being  made  use  of. 

Kstiination  of  Cost  of  Frirtional  Losses. — As  in  many  cases  almost 
the  whole  of  the  losses  are  due  to  the  friction  of  lubricated  bearings, 
the  losses  due  to  each  portion  of  the-mechanism  should,  as  far  as 
possible,  be  ascertained  separately.  This  may  be  done  by  obtaining 
the  indicated  horse-power  under  the  following  conditions : — 

(a)  Motof  running  light. 

(b)  With  the  transmission  machinery  in  motion. 

(c)  With  all  the  machines,  or  certain  types  of  machines,  running 
light. 

(d)  With  all  the  machines,  or  certain  types  of  machines,  having 
their  full  working  load  on. 

As  the  viscosity  of  lubricants  varies  with  the  temperature,  the 
tests  to  ascertain  the  comparative  lubricating  values  of  two  oils,  etc., 
should  be  made  under  similar  atmospheric  conditions,  and  it  is  of 
equal,  if  not  of  greater,  importance  to  give  the  bearings  time  to 
assume  a  steady  temperature  by  indicating  the  motor  at  the  end  of 
a  few  hours'  run. 
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To  obtain  the  actual  cost  per  hour  per  horse-power  developed  in 
ordinary  running,  the  calculation  should  include  the  following  items: — 

1.  Interest  on  cost  of  land,  plant,  and  buildings. 

2.  Depreciation  (maintenance  and  renewal). 

3.  Taxes,  insurance,  etc. 

4.  Wages  and  salaries. 

5.  Cost  of  fuel,  oil,  waste,  etc. 

Here  we  have  a  number  of  charges  which  increase  or  decrease  the 
cost  of  power  according  as  the  mean  output  decreases  or  increases. 
It  may  be  argued  that  the  saving  effected  by  improving  the  lubrica- 
tion, inasmuch  as  it  does  not  decrease  some  of  these  items,  should  be 
calculated  upon  the  saving  in  item  5  only.  However,  when  the 
saving  in  power  is  large,  it  may  affect  depreciation  and  wages  as  well. 
This  is  a  point  the  consideration  of  which  must  be  left  to  the  judg- 
ment of  the  engineer  in  charge. 

It  has  been  shown  that  the  friction  of  a  steam-engine  or  gas- 
engine  is  unaffected  by  the  load  put  upon  it.  Thus  if,  when  running 
light,  the  indicated  horse-power  is  7,  then,  when  the  brake  horse- 
power is  50,  the  indicated  horse-power  will  be  57.  From  this  it  is 
clear  that  the  frictional  resistance,  measured  when  there  is  no  load  on 
the  engine,  gives  the  frictional  resistance  under  all  conditions.  The 
same  will  apply  to  line  shafting  and  to  many  machines  and  machine 
tools.  We  may,  therefore,  estimate  very  closely  the  friction-reducing 
f)roperties  of  any  particular  lubricant  by  running  the  machinery  oiled 
with  it  light,  rather  than  fully  loaded ;  care  must,  however,  be  taken 
always  to  have  the  same  number  of  machines  at  work  when  making 
a  test. 

When  the  horse-power  developed  by  the  motor  is  large,  and  the 
machines  numerous,  the  effect  of  changing  an  oil  can  only  be 
ascertained  by  using  it  on  a  large  number  of  bearings  or  machines,  so 
as  to  make  the  loss  or  gain  of  power  considerable  in  proportion  to 
the  total  effect. 

By  multiplying  the  gain  or  loss  of  power  by  the  cost  per  horse- 
power, and  then  by  the  hours  worked  per  diem,  the  daily  saving  or 
loss  is  obtained,  and  by  comparing  this  with  the  oil  account  the 
real  commercial  value  of  the  lubricant  is  ascertained.  The  point  has 
been  dealt  with  at  some  length  by  R.  H.  Thurston.^ 

Since  the  increase  in  friction  of  a  bearing  results  in  a  rise  of  the 
temperature  of  the  pedestal,  a  rough  idea  of  the  comparative  value 
of  two  lubricants  may  be  obtained  by  measuring  their  temperature 
effects.  This  is  most  satisfactorily  effected  by  surrounding  two 
bearings  on  a  shaft  by  roomy  boxes,  to  protect  them  from  draughts, 
and  placing  thermometers  in  contact  with  the  pedestal  caps.  The 
same  oil  should  first  be  tried  on  both  bearings,  and  the  rise  of 
temperature  of  each  noted,  for  with  the  same  oil  different  bearings 
will  almost  always  be  found  to  give  somewhat  different  heating  results. 
When  the  difference  of  temperature  which  results  from  the  accidentitl 

^  Friction  and  Lost  TFork,  ^.  ^\^. 
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difference  of  load  or  condition  of  each  bearing  has  been  ascertained, 
the  oil  used  for  one  of  them  may  be  changed  and  a  comparative  test 
again  made.  This  should  be  done  several  times,  for  the  result  depends 
in  some  measure  upon  the  rate  of  feed. 

It  is,  however,  much  more  satisfactory  to  make  such  oil- tests  in 
proper  oil-testing  machines,  for  the  load,  speed,  and  the  rate  of  and 
method  of  feed  can  then  be  properly  controlled. 

Estimation  of  Losses  due  to  Wear. — These  can  only  be  obtained 
in  a  direct  way  by  comparing  the  expense  incurred  in  repairs, 
renewals,  and  breakdowns  which  have  occurred  during  fairly  long 
intervals  of  time.  However,  it  is  sometimes  necessary  to  obtain  the 
effects  produced  during  short  intervals  by  different  lubricants,  in 
which  case  the  best  plan  is  to  weigh  certain  brasses  or  other  rubbing 
parts,  such  as  piston  rings,  at  stated  intervals  on  an  accurate  balance. 
In  this  way  any  rapid  increase  or  decrease  in  the  rate  of  wear  can  be 
noted,  and  this,  taken  in  connection  with  the  pecuniary  gain  or  1<jss 
resulting  from  a  variation  in  the  total  frictional  losses,  will  enable 
the  engineer  to  form  a  fairly  accurate  estimate  of  the  value,  from  a 
practical  point  of  view,  of  any  particular  lubricant. 

In  all  cases  where  frictional  losses  form  a  large  proportion  of  the 
power  developed,  it  will  be  found  that  the  cost  of  the  lubricant, 
being  only  about  3  per  cent,  of  the  cost  of  fuel,  is  a  comparatively 
insignificant  item  compared  with  that  of  the  power  saved  or  lost. 
Indeed,  it  will  frequently  pay  to  use  the  best  lubricant  irrespective 
of  its  price.  The  highest-priced  lubricant  offered,  however,  is  often 
by  no  means  the  best,  for  very  poor  mixtures  are  sometimes  placed 
upf>n  the  market  as  first-class  lubricants  and  sold  at  high  prices. 

Oil-cans,  Feeders,  etc. — Vessels  for  holding  a  supply  of  oil  and 
enabling  it  to  be  supplied  to  the  bearings  with  ease  and  certainty  are 
made  of  various  patterns.  In  some  cases  it  is  only  necessary  to  supply 
a  few  drops  once  every  few  hours.  For  this  purpose  small  conical  or 
lenticular  cans,  having  a  long  spout  screwed  on,  are  convenient. 
Either  the  bottom  or  sides  are  made  elastic,  and  a  little  pressure 
exerted  compresses  them  and  expels  a  small  quantity  of  oil.  In  the 
larger  forms  the  oil  is  liberated  by  opening  a  small  valve  actuated  by 
a  button,  or  the  piston  of  a  small  cylinder  is  pressed  in  and  any 
desired  amount  of  oil  delivered. 

It  sometimes  happens  that  the  reservoirs  of  oil-bath  bearings  have 
to  be  emptied  and  filled  again  periodically.  For  this  purpose  a  form 
of  syringe  is  used  which  enables  a  definite  quantity  to  be  withdrawn 
from  the  bottom  of  the  reservoir  and  fresh  oil  substituted. 
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'  Animal  oil,'  aetting-poiDt  of,  823. 

specific  gravity  of,  828. 

(see  also  Tallow  oil). 
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effects  of  bismuth  and  aluiuin- 

ium  in,  392. 
investigation    of,  by    Behrens, 

Gharpy,    and     Baucke,    390-392; 

Goodman,  892. 
precautions     in    melting    and 

casting,  386,  387. 
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various,  388,  389  {table). 

zinc  in,  887. 
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*  animal  oil,'  properties  of,  323. 

arachis  oil,  determination  of,  in  olive 

oil,  285,  286. 
blown  oils,  acetyl  values  of,  248. 


bromine  thermal  test,  258. 

castor  oil,  solubility  of,  in   alcohol, 

319. 

lard  oil,  properties  of,  323. 

Maumene  thermal  test,  260. 

mineral  oils,  ash  of,  304. 

olive  oil,  characters  of,  211. 

rape  oil,  arachidic  acid  in,  110,  287. 


Archbutt ;  rape  oil,  free  acid  in,  211. 

setting-point,  determination  of,  196. 

tallow,  iodine  value  of,  322. 

volatility  of  oils,  192. 

vaporimeter,  192. 

viscometer,  147. 

'  Armstrong '  lubricating  pad,  437. 

Asbestos  as  antifriction  packing  for  taps 
and  valves,  394. 

as  lubricant  for  heavy  loads,  479. 

Ash,  determination  of,  304. 

proportion  found  in  mineral  lubri- 
cating oils,  304. 

Ashcroft*s  oil- testing  machine  (drum),  350. 

Asphalt,  detection  and  determination  of, 
in  mineral  oils,  300-302. 

Automatic  en^e  cylinder  lubricator,  444. 

Axle-box  bearings,  415. 

for  grease,  417. 

for  oil,  416-417. 

heating  of  locomotive,  492. 

locomotive,  416. 

railway  vehicle,  416. 

Babbit's  antifriction  metal,  389. 

Bach  ;    method  of  determining    meltiug- 

I>oint,  203. 

oxygen -absorption  test,  271. 

'Bagasses' oil,  112,  113. 

Bailey's  oil-testing  machine  {pcndidum)^ 

369 
l^ll-bearings,  86-88,  425,  426. 
Ballant^ne  ;  acid,  free,  in  oils,  213. 
acidity  of  oils,  effect  of  storage  on, 

213. 

rancidity  of  oils,  213. 

(see  Thomson). 

Baucke ;     investigations    of    antifriction 

alloys,  390. 
Baudouin  ;  colour  reaction  for  sesame  oil, 

291. 
Baynes  (see  Fox), 
*Bayonne*  engine  oil,  viscosity  of,  167, 

169. 
Beal ;  determination  of  volatile  fatty  acids, 

240. 
Beam  (see  LejFmann). 
Bearing  metals,   microstructure   of,   880, 

381,  383. 
Bearings,   adjustability    of,    necessary  to 

prevent  heating,  415. 

axle-box,  415. 

ball,  admissible  loads  on,  425. 

design  of,  88,  425,  426. 

friction  of,  86-88. 

frictional  laws  of,  87. 

lubrication  of,  478. 

purposes  used  for,  86,  425. 

brass,  881. 

bronie,  878-884. 
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hearings,  bronze,  experiments  by  Dudley, 
Clamer,  and  Jub,  379-384. 

objections  to  zinc  in,  881,  383, 

384. 

relative  wear  of,  879,  880. 

strength  and  efficiency  of,  de- 


pendent on  good  foundry  practice, 
382-384. 

—  used    by    American    railways, 
382. 

—  used  by  French  railways,  382. 
used  by  Italian  railways,  382. 


used  by  Midland  Railway,  382. 

various,    composition    of,    382 

{table),  384. 

-  burnished  surfaces  for,  409. 

-  bush,  410. 

-  carrying  power  of,  dependent  upon 

viscosity  of  lubricant,  404. 

-  ease-hardened  iron  and  steel,    377, 

378. 

-  cast-iron,  378. 

-  characteristics  of  good  metal  for,  380, 

384. 

-  chilled  cast-iron,  378. 

-  collar,  lubrication  of,  422. 

-  conditions  determining  area  of  and 

load  on,  405. 
determining  form  of,  406,  407. 

-  corrosion  of,  by  free  fatty  acids,  213- 

216. 

-  cylindrical,  effects  of  load  and  speed 

on  wear  of,  84. 
forms  of,  410-421. 

-  design  and  lubrication  of,  373-457. 

-  enclosed,  409. 

-  exposed,  hard  materials  required  for, 

410. 

-  fit  of,  408. 

-  flexibility  of,  409. 
forms  and  functions  of,  373. 


grinding  of  hard,  378. 

gun-metal,  379. 

hardness  of,  surface,  and  its  deter- 
mination, 375-377. 

heated,  causes  and  treatment  of,  13, 

382-384,  400,  401,  415,  487,  490- 
492. 

high-speed,  415. 

importance  of  using  suitable  mate- 
rials for,  378. 

jewelled,  for  watches,  411. 

lead-bronze,  379. 

loads  admissible  on,  404-408. 

on  locomotive,  416. 

locomotive,  415,  416. 

loose  fit  of,  necessary,  408. 

lubrication   of  (general  treatment), 

394-403. 

materials  used  for,  873. 


Bearing»,  non-metallio  materials  for,  398*. 

p^estal,  411. 

with  side  pads,  411,  412. 

phosphor-bronze,  879,  383. 

pivot,  423. 

plane  surface,  421-425. 

—  —  positions  for  oilways  of,  398-401. 
protection  of,   from  dust  and  dirt, 

409,  410. 

idle,  from  corrosion,  490. 

— —  pump  circulation  for,  415,  437. 

railway  vehicle,  416,  417. 

—  vehicle,    treatment   of  heated, 

487. 

regular  examination  of,  488. 

reservoir,  advantages  of,  396. 

for  ring  spindles,  418. 

with  disc  oil-lifters,  413. 

with    oil-lifting    chains, 


412, 


effi- 


413. 

with  oil  strainers,  414. 

with  ring  oil-lifters,  414. 

roller,  conditions  necessary   for 

ciency,  88 

design  of,  88,  427-429. 

effect  of  viscosity  of  lubricant 

on,  88. 

friction  of,  429. 

loads  carried  by,  429. 

low  static  friction  of,  88. 


rolling  contact,  425-430. 

slide-block,  421,  422. 

spindle,  417. 

steel,  hard,  377. 

soft,  unsuitability  of,  377. 

surfiMse  hardness  of,  and  its  deter- 
mination, 875-377. 

temperature     of,    dependent    upon 

method  of  lubrication,  403. 

variable  load,  84,  419. 

watch  and  clock,  411. 

wear  of,  abolished  by  perfect  lubrica- 
tion, 398. 

white-metal,  action  of  fatty  acids  on. 

387. 

white  metals  for,  384-392. 

woods  for,  393. 

workmanship,   importance  of  ffood. 

409.  *      ' 

Beochi ;  test  for  cottonseed  oil,  288. 
Beechnut  oil,  freezing-point  of,  199. 

iodine  value  of,  265.* 

—  iodine  value  of  mix«l  fatty  adds 

from,  265.  ^ 

-meltinjr.  and  solidifrinff  H"^ 

of  mixed  latty  adds  from,  m. 

—oxidation,    inersMe  of  w^tihi 

by,  268.  '^ 

refractive  iwUx  fff,  TfW,, 

rtfrietoiB^teT  talw*  t4^  ^n. 
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Baechnat  oil,  uponifieation  ralvte  of,  222. 

specific  gravity  of,  184. 

Beechwood  tor  bearings,  393. 

Beeswax,  hydrocarbons  in,  245. 

determination  of   hydrocarbons    in, 

246. 

iodine  yalae  of,  255. 

melting-point  of,  204. 

saponification  value  of,  222. 

specific  gravity  of,  184. 

sp.  gr.  of  unsaponifiable  matter  from, 

185. 

nnsapoDifiable  matter  from,  charac- 
teristics o^  231,  234,  244. 

determination  of,  227. 

percentage  of,  2813. 

Behrens;    investigations    of    antifriction 
alloys,  390. 

Bellist'  system  of  forced  lubrication,  438, 
439. 

Ben  oil,  composition  of,  116. 

general  characters  of,  1 1 6. 

iodine  value  of,  255. 

lubricant  for  delicate  mechan- 
isms, 116,  474. 

saponification  value  of,  222. 

source  of,  116. 

specific  gravity  of,  184. 

titre  test  of  mixed  fiitty  acids 


Blown  oils,  acetyl  values  of,  122, 124,  248, 

250. 

as  lubricants,  124,  476. 

characteristics  of,  122-124. 

chemical    changes    caused    by 

blowing,  122-124. 
detection  and  identification  of, 


326,  327. 

—  determination  of,  in  mixed  oils, 
235,  236. 

distinction  between  cottooaeed 


and  rape,  123,  327. 

—  Hehner  values  of,  239. 

—  iodine  values  of,  266. 

—  manufacture  of,  121,  122. 

—  miscibility  of,  with  mineral 
lubricating  oils,  122. 

—  Reichert-Meissl  values  of,  242. 

—  relation  between  sp.  gr.,  iodine 
value  and  saponification  value  of, 
327. 

—  saponification  values  of,  222. 

—  solubility  of,  in  alcohol  and 
petroleum  spirit,  122. 

specific    gravity  of,    123,   124, 


184. 

specific  gravity  of  mixed  fatty 


from,  205. 

Bender ;  asphalt  in  mineral    lubricating 
oU.  300. 

Benedikt ;  '  acid  value  '  of  oils,  215. 

(and    Ulzer),    acetyl   values    of  oils 

{table),  248. 

determination  of  acetyl  value, 

247. 

Bensemann  ;  method  of  determining  melt- 
ing-points of  fats,  203. 

Benzoline,  from  petroleum  naphtha,  94. 

Berthelot ;  cohesion   of  water  molecules, 
33. 

Bevan  ;    Be<  chi's  reaction  given   by  oxi- 
dized lard,  289. 

melting-jwiut  of  fat  reduced  by  chill- 
ing, 200. 

Bishop  ;  method  of  determining  oxidizing 
proi>erty  of  oils,  268. 

Bitumen  destructively  distilled  yields  oil, 
94. 

Black  (see  Evans  and  Bla^k). 

Blackfish  oil  (see  Dolphin  oil). 

Black  Sea  rape  oil  (see  Ravison  oil). 

Blake's  oil -testing  machine  {cup  ami  plug), 
369. 

Blending  of  lubricants,  464. 

Bloede ;    factitious  viscosity    of   mineral 

oUs,  126. 
Bloom  (see  Fluorescent^). 
Bloomless  oil,  manufacture  of,  98. 


acids  from,  185. 
Bochin  ;  railway  train  friction,  9. 
'  Body  *  (see  Oiliness) ;  also  note  at  foot  of 

p.  56. 
Boiler  fittings,  lubricants  for,  480. 
Boilers,  exclusion  of  lubricants  from,  480, 

483. 
Boiling-point  of  mineral  lubricating  oils, 

101. 
Bone-&t,  ash  in,  304,  322. 

free  fatty  acid  in,  322. 

iodine  value  of,  255. 

iodine   value  of   mixed    fatty  acids 

from,  255. 

lime  in,  304. 

melting-point  of,  204. 

melting-    and    solidifying- points 

mixed  fatty  acids  from,  205. 

saponification  value  of,  222. 

specific  gravity  of,  184. 

Hone  oil,  absorption  of  oxygen  by,  272. 
as    lubricant    for    clocks    and 

watches,  322. 

comparative     oxidizability    of, 


of 


267. 

Bottlenose  oil  (see  Sperm  oil). 
Box- wood  for  bearings,  893. 
Boys  (Vernon);   properties  of  soap  films, 

31. 
Brazil-nut  oil,  iodine  value  of,  265. 
io4line  value  of  mixed  fatty  acids 

from,  255. 
s;iponification  value  of,  222. 
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Brazil-nut  oil,  siiecifio  gravity  of,  184. 

Bromine  thermal  test,  257-260. 

value,    relation    of,    to    Hiibl 

iodine  value,  258-260. 

Bronzes  for  bearings  (see  Bearings), 

Buckley's  piston  rod  bearing,  422. 

Buisine ;  process  for  determining  hydro- 
carbons in  beeswax,  246. 

Burning-point  of  oils,  187. 

Burstyn  ;  etfects  of  free  acid  in  lubricants, 
213. 

'  Gamblia*  metal,  382. 

Cameline  oil,  freezing-point  of,  199. 

iodine  value  of,  25.5. 

iodine    value    of    mixed    fatty 

acids  from,  255. 

melting-  and  solidifying-|>oints 


of  mixed  fatty  acids  from,  205. 

—  refractonieter  value  of,  207. 

—  saponification  value  of,  222. 
specific  gravity  of,  184. 


Canewood  for  bearings,  393. 
Caoutchouc  in  mineral  oils,  302. 
Capillarity,  42-44. 
Capillarv   force  (see   Superficial  Unsion), 

81-47. 

tube,  energy  of  flow  through,  25,  26. 

inlet  end  resistance  of,  27. 

rise  of  liquids  in,  42. 

'  CarboM '  for  bearings,  394. 

*  Carbon '  bronze,  382. 

Carnauba  wax,  acetyl  value  of,  250. 

iodine  value  of,  255. 

melting-point  of,  204. 

saponification  value  of,  222. 

specific  gravity  of,  184. 

specific  gravity  of  mixed  alcohols 

from,  185. 

unsaponifiable 


matter  from, 
characteristics  of,  231,  234,  244, 
245. 

unsaponifiable      matter     from. 


percentage  of,  233. 
Carpenter  (Lant) ;  railway  wagon  grease, 

128. 
Cart-grease  from  Galician  petroleum,  89. 
Case-hardened  iron  and  steel  bearings,  377. 
Cast-iron  bearings,  378. 
Castor  oil,  acetyl  value  of,  248,  250,  320. 

acid,  free,  in,  212,  213. 

characteristics  of,  general,  114. 

cold,  effect  of,  on,  114. 

composition  of,  114. 

constants  of  genuine,  314. 

expression  of,   from   the    seed, 

methods  of,  114. 

freezing-point  of,  199. 

Hehner  value  of,  320. 

iodine  value  of,  255. 


Castor  oil,  iodine  value  of  mixed  fatty  acids 

from,  255. 
lubricant  for  railways  in  India, 

106. 

Maumene  value  of,  263,  320. 

melting-  and  solidifying-points 

of  mixed  fatt^  acids  from,  205. 
oxidizability    of,    comparative. 


267. 

—  refining,  methods  of,  114. 

—  refractive  index  of,  206. 

—  refractometer  value  of,  207. 
Reichert    and    Reichert-Meissl 


values  of,  242,  320. 

—  saponification  value  of,  222,  320. 

—  solubility  of,  in  alcohol,  319. 

—  solubility  of,  in  mineral  oil,  114. 
solubility    of  mineral    oil    in, 


114,  115. 

—  source  of,  113. 

—  specific  gravity  of,  184,  320. 

—  testing  of,  systematic,  819-320. 
unsaponifiable  matter,  percent- 


age of,  in,  233. 

viscosity  of,  167,  169,  320. 


*  Cauricedale  *  antifriction  metal,  389. 
Cerasin,  melting-point  of,  204. 

saponification  value  of,  222. 

specific  gravity  of,  184. 

Ceryl    acetate,   yield    and    saponification 

value  of,  244. 
Cetyl   acetate,    yield    and    saponification 

value  of;  244. 

alcohol  in  spermaceti,  245. 

Chains  of  motors  and  cycles,  lubrication  Of, 

478,  479. 
Chapman,   automatic  cylinder   lubricator 

for  graphite,  453. 

(and  Knowles)  graphite  and  glycerine 

lubricant  for  steam  cylinders,  476. 
Charnock  ;   admissible  loads  on  bearings, 

407. 

on  losses  due  to  friction,  49. 

Charpy ;    investigations    of    antifriction 

alloys,  390. 
Chilled  cast-iron  bearings,  378. 
Chlorophyll  in  vegetable  oils,  104. 
Cholesterol  acetate,  yield  and  saponifica- 
tion value  of,  244. 

characteristics  of,  231. 

colour  reactions  of,  292,  293. 

distinction    of,    from    isocholesterol, 

234. 
distinction  of,   and  se{>aration   from 

phytosterol,  232. 

iodine  value  of,  256. 

occurrence  of,  in  wool  fat,  liver  oils, 

etc.,  224,  229,  231,245. 
Clague  ;    melting  -  point  of  cacao  butter 

modified  by  heating,  200. 
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CUmer ;  experiments  on  alloys  for  bear- 
ings, 380. 
Clay-slate  for  bearings,  398. 
Clayton  ;    friction    of    railway    vehicles, 

63. 
railway  wagon  grease  as  labricant, 

129. 
Clocks,  lubrication  of,  474. 
Cloth-oil  testers,  280,  281. 
Coal-tar  oil,  specific  gravity  of,  185. 
Coconut  oil,  acetyl  value  of,  250. 
acid,    free,   proportion    of,   in, 

116. 

characters,  general,  of,  116. 

expression      and       extraction, 

methods  of,  116. 

iodine  value  of,  255,  321. 

iodine    value    of    mixed    fatty 

acids  from,  255. 
lubricant  for  light   machinery, 

use  as.  107. 

melting-point  of,  204. 

melting-  and  solidifying-^ioints 


of  mixed  fatty  acids  from,  205. 
Reichert  and    Reichert  •  Meissl 


values  of,  242,  321. 

—  saponification  value  of,  222,  321. 

—  source  of,  116. 

—  specific  gravity  of,  184. 
testing  of,  321. 


Coconut  oleine  (neutral),  as  lubricant,  475. 
Cod-liver  oil,  acetyl  value  of,  250. 

freezing-point  of,  199. 

iodine  value  of,  255. 

melting-  and  solidifying- points 

of  mixed  fatty  acids  from,  205. 
oxidizability    of,    comparative, 


267. 

—  refractive  index  of,  206, 

—  refractometer  value  of,  207. 

—  Reich eit  and    Reichert  -  Meissl 
values  of,  242. 

—  saponification  value  of,  222. 

—  specific  gravity  of,  184. 
unsaponifiable  matter,  percent- 


age of,  in,  233. 
Cohesion  and  friction,  3-5. 

figures,  47. 

pressure  and,  4. 

Tait  on,  3. 

Cold  test  (see  SeUing-poirU). 

Coleman  ;  spontaneous  combustion  of  oily 

waste,  279. 

viscometer,  147. 

Coleseed  (rapeseed),  107. 

Collar  bearings,  lubrication  of,  422. 

Colophony  (rosin),  destructive  distillation 

of,  124. 
detection    of,    in    oil,    fat,    or 

grease,  295. 


Colophony  (rosin),   determination  of,  by 
Twitchell's  process,  238-240. 

iodine  yalue  of,  266. 

specific  gravity  of,  184. 

Colour     reactions     of    cholesterol,    292, 
293. 

of  cottonseed  oil,  288-291. 

of  ^hytosterol,  292. 

rosin  acids,  295. 

rosin  oil,  293-295. 

sesame  oil,  291,  292, 

Colza  oil  (see  Rape  oil). 

Connecting-rod  oil  cups,  420,  421. 

Conrad;  improvements  in  ball  bearings 
426. 

Consistence  of  fats  and  greases,  determina- 
tion of,  170-172. 

Contamination  films,  5. 

of  liouid  sur&ces,  39. 

of  solid  surfaces,  38. 

sur&ce,  5,  6. 

Cook ;   method  of  determining  melting- 
point,  203. 

Corn  oil  (see  Maize  oii), 

*  Cornish  *  bronze,  382. 

Corrosion  of  metals  by  free  iatty  acids  in 
oils,  213-215. 

of  steam  cylinders  by  fatty  acids, 

105. 

Coste   (and   Parry) ;    properties  of  com- 
mercial neatsfoot  oil,  324. 

Cottonseed  oil,  acetyl  value  of,  248,  250. 

acid,  free,  in,  211. 

blown,  acetyl  value  of,  248. 

blown,    distinction     of,     from 

blown  rape  oil,  327. 

blown,  Hehner  value  of,  239. 

blown,  iodine  value  of,  256. 

blown,  Reichert-Meissl  value  of. 


—  colour  reactions  of,  288-291. 

—  freezing-point  of,  199. 

—  iodine  value  of,  255. 
iodine    value    of    mixed    fatty 


acids  from,  255. 

—  Maumene  value  of,  263. 

—  melting-  and  solidirying-|K)intj» 
of  mixed  fatty  acids  from,  205. 

oxidation,  increase  of  weight  of, 


by,  268,  270. 

oxidizability    of,    comparatiye, 


267. 

—  oxygen,  absorption  of,  by,  271, 
272. 

—  refractive  index  of,  206. 

—  refractometer  value  of,  207. 
Reichert   and   Reichert  -  MeiasI 


values  of,  242. 

saponification  value  of,  222. 

specific  gravity  of,  184. 
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CottonsMd  oil,  specific  gravity  of  mixed 
fatt^  acids  from,  185. 

Tkoaaponifiable  matter  in,   per- 
centage of,.  238. 

Cottonseed  stearin^  iodine  value  of,  255. 

iodine  value  of  mixed  fatty  acids 

from,  255. 

melting-point  of,  204. 

melting-  and  solidifying- (MiinLts 


of  mixed  fatty  acids  from,  205^ 

saponification  value  of,  222. 

speoifio  gravity  of,  184. 

Coulomb  ;  friction  researches,  6,  9. 

laws  of  solid  friction,  10. 

on    flow    through    capillary    tubes, 

22. 
Cracking  of  mineral  oil  (see  also  Destructive 

distiUatum),  95. 
Crank  pins,  lubrication  of,  399. 
Crossley  (and  Le    Sueur) ;    constants    of 

Indian  rape  oil,  108. 
Croton  oil,  acetyl  value  of,  248. 

Reicnert-Meissl  value  of,  242. 

Curcasoil,  freezing-point  of,  199. 

iodine  value  of,  255. 

iodine  value  of  mixed  fatty  acids 

from,  255. 

Keichert-Meissl  value  of,  242. 

saponification  value  of,  222. 

s^ific  gravity  of,  184. 

Cycles,  lubrication  of,  478. 
Cylinder  oil  from  ostatki,  100. 

*val?oline,*  167,  169. 

Cylinder   oils,    filtered,   manufacture    of, 

97. 

flashing-points  of,  186. 

(mineral),  viscosity  of,  167,  169. 

oxygen,  absorption  of,  by,  271. 

redv 


luced,  manufacture  of,  97. 

volatility  of,  191-194. 

Cylindera,    ma  and  oil  engine,  deposits 

found  in,  477. 
gas  and  oil  engine,  lubrication  of,  476, 

477. 
steam-,    and  valves,   lubrication  of, 

441-456,  482-485. 
corrosion  of,  by  fatty  acids,  105, 

482,  483. 
deposits  found  in  passages  of, 

482. 

design  of,  456. 

drain  valve  for,  457. 

imperfect  nature  of  lubrication 

of,  482. 

lubricants  used  for,  476. 

lubricatora  for,  441-456. 

water,  effect  of,  in,  88,  484. 


Cylindrical  bearings,   effects  of  load  and 

speed  on  pressure-film  of,  74. 
results  produced  by  wear  of,  72. 


Dalican's  'titre  test,'  204,  323. 

^  Damascus  *  bronze,  382. 

Deeley ;    lubricator    for  steam-cylinders, 

444. 
(and    Wolff),    lubrication    of   plane 

parallel  surfaces,  64. 
Deering ;   free  acid  in  tallow,  castor  oil, 

and  sperm  oil,  212,  213. 
(and  Redwood),  solubility  of  castor 

oil  in  alcohol,  319. 

viscosity  of  castor  oil,  320. 

Deggut    or     '  goudron '     from     Russian 

petroleum,  100. 
*  Delta*  metal,  382. 
De  Negri  (and  Fabris) ;  determination  of 

arachis  oil  in  olive  oil,  286. 
saponification  value  of  olive  oil, 

318. 
Density,  determination  of^  184. 
of  lubricating  oils,  eH'ect  of  change  of 

temperature  on,  182,  183. 

of  water  at  4'*  to  100"  C,  181. 

relation  of,  to  specific  gravity,  172. 

(see  also  Specific  gravity). 

Deprez  (and  Napoli's)  oil-testing  machine 

{disc),  366. 
Destructive  distillation,  94,  95. 
Dewrance's  antifriction  metals,  389. 
Diffusion  of  metals,  4. 
Distillation,  destructive,  94,  95. 

in  vacuo,  96,  97. 

Distilled  oils,  manufacture  of,  from  ostatki, 

99-101. 
manufacture  of,  from  residuum, 

97-99. 
manufacture   of,     from    shale, 

101. 
Dolphin-body  oil,  Hehner  value  of,  239. 

iodine  value  of,  255. 

Reich ert  value  of,  242. 

saponification  value  of,  222. 

specific  gravity  of,  184. 

Dolphin-jaw  oil,  composition  of,  120. 

constants  of,  >21,  315. 

Hehner  value  of,  239. 

identification  of,  326. 

iodine  value  of,  255. 

lubricant  for  watches,  120,  471. 

preparation  of,  120. 

Reichert  value  of,  242. 

saponification  value  of,  222. 

Donath  ;  chemical  action  of  fatty  acids  on 

metals,  214. 
Drilling-liquids,  composition  of,  131. 
Drop-feed  and  siphon   (combined)   lubri- 
cator, 431. 

lubricator,  431. 

Dudley  ;  experiments  on  alloys  for  bear- 
ings, 379,  380,  383,  884. 
Dufour  ;  retarded  ebullition,  33. 


508 


INDEX. 


Dapre  ;  molecuUr  adhesion,  16. 

solvent  power  of  surface  films,  40. 

'D.W.M.' ball-bearings,  426,  427. 

Dynamometers,  494. 

Dynamos  and  motors,  lubrication  of,  475. 

Earth  NUT  oil  (see  AraeJiU). 

Efficiency  and  cost  of  lubricants,  493. 

Electrical  transmission  of  power,  497. 

'  Electricon  '  antifriction  metal,  389. 

Ellis ;  grease-box,  417. 

Elm  wwxl  for  bearines,  393. 

Emerson    cotton  mill    power  scale,   494, 

495. 
•  Empire'  roller  bearings,  88,  428,  429. 
Emulsions,  nature  of,  41. 
Enei^,  magnitude  of  surface,  41. 
Engine  oil  from  ostatki,  100. 

oils,  viscosity  of,  167. 

Engines,  gas,  lubrication  of,  476,  477. 

high  speed,  lubrication  of,  475. 

locomotive,   lubrication  of,  415,  416, 

475,  487,  488. 

marine,  lubrication  of,  476,  483. 

oil,  lubrication  of,  477. 

traction,  lubrication  of,  478. 

Engler  ;  asphalt  in  mineral  oil,  300. 

expression  of  viscosity,  152. 

-Kunkler  viscometer,  162. 

standard  viscometer,  151. 

Kphraim  ;  determination  of  iodine  value, 

256. 
Evans  (and  Black)  ;  determination  of  rosin 

acids  by  Twitchell's  process,  238, 

240. 
Rva(K>ration  of  oil  in  steam  cylinders,  482. 
Kwing  ;  continuity  of  static  and  kinetic 

coefficients  of  friction,  8,  60. 

friction  and  speed,  57. 

Examinations,  bearing,  book  for  record  of, 

489. 
'  Ex.  ir  bearing  metal  [Pcnns.  Rlij.),  381, 

382. 

Fat.s,  consistence,  determination  of,  170- 
172. 

iodine  value  oi  {tabic),  255. 

melting-  and  solidifying-points,  de- 
termination of,  200-206. 

melting-points  of  (table),  204. 

melting  of,  phenomena  observed   in 

the,  200. 

saponification  values  of  (tabl^),  222. 

specific  gravities  of,  at  60"  F.  {table), 

184. 

unsaponifiable  matter  in,  percentage 

of  {table),  233. 

Fatty  acids,  acetylation  of,  by  Benedikt*s 
method,  247. 


Fatty  aoids,  action  of  acetic  anhydride  on, 

246.  248,  249. 
chemical  action  of,  on  metals, 

213-215. 

free,  in  oils  (see  Acid). 

free,  in  oils,  determination  of, 


215-218. 

—  free,  in  oils,  gravimetric  deter 

mination  of,  218. 

fi^e,  permissible  amount  of,  io 


lubricants,  218. 

insoluble,     determination     of, 


237. 

insoluble,   determination  of,  in 


presence  of  hydrocarbons  and  wax 
alcohols,  237. 

—  insoluble,  preparation  of,  238. 
-melting-  and  solidifying-points, 


determination  of,  200-206. 
melting  of,  phenomena  obserfed 

ill  the,  200. 
mixed,  of  oils,  iodine  values  of 

{table),  255. 
mixed,   of   oils,    melting-   and 

solidifying-points  of  {table),  205. 
mixed,  of  oils,  specific  grarities 


of,  tit^^^^C,  {table),  \Sb. 

mixed,  of  oils  (see  al»o  under 


individual  oils). 
—  occurring   in    lubricating   oils, 
{table),  106. 

pre|iaration   and   properties  of, 


105,  238. 

volatile,  estimation  of,  240. 


Fatty  oils  (see  Fixed  oils). 
Fenton's  antifriction  metal,  389. 
Films,  contamination.  5. 

liquid,  stabilitv  of,  32. 

tension  of,  31. 

lubricating ;  characteristics  of,  31. 

critical  velocity  in,  23. 

effect  of  heat  on,  38. 

form  of,  on  cylin<lrical  bearings, 


73. 


formation   of,   at   high   speeds, 
64,  65,  73. 

formation  of,  at  low  speeds,  55, 


62. 

formation    of,    between    plane 

parallel  surfaces,  65. 

heating  of,  403. 

oiliness  of,  31. 

plastic,  28,  53. 

plastic  flow  in,  29. 

strength  of,  54. 

thickness  of,  78,  396,  397. 

thickness,  influence  of,  in  lubri- 
cation, 51 

viflcooa  flow  in,  67. 
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Films,  preBsnre*  (lubricating),  conditions  of 
formation  of,  64,  398,  402. 

(lubricating),  effect  of  load  on 

thickness  of,  405. 

properties  of,  Reinold  and  Riicker  on, 

82. 

soap-bubble,  81. 

solvent  power  of,  40. 

Film-test    for    oxidizing    and    gumming 
properties  of  oils,  266. 

by   Holde,   with   various  fixed 

oils,  267. 

Filtera,  oU,  468. 

essential  features  of  good,  470. 

Finkener  ;  test  for  rosin  oil  in  mineral  oil, 
296. 

test  for  purity  of  castor  oil,  320. 

Fire  caused  by  s^iontaneous  ignition  of  oily 
rags,  etc.,  278. 

Firing-point    ('fire-test'),    determination 
of,  187. 

Fish  oil,  acetyl  value  of,  250. 

comparative    oxidizability    of, 

267. 

Fish-liver  oils,  iodine  value  of,  255. 

saponification  value  of,  222. 

(see  also  Cod-liver  oil). 

specific  gravity  of,  184. 

Fixed  oils,  acetyl  values  of  {tables),  248, 
250. 

acid,     free,     in,     nature     and 

amount  of,  210-213 

chemical  action  of,  on  metals, 

218-216. 

decomposition    of,    in    steam- 
cylinders,  105. 

detection   of,   in  mineral    oils, 

219. 

detection  ofmineraloilsin,  211. 

determination    and    identifica- 
tion of,  in  mixed  oils,  235,  236. 

differences    from    mineral  oils, 

103-105. 

drying  and  non-drying,  10  i. 

flashing-points  of,  186. 

freezing-points  of,  199. 

Hehner  values  of  {table),  289. 

iodine  values  of  (<ffW«s),  265. 

Maumene  values  of  {table),  263. 

oxidation  and  gumming  of  (see 

Oxidation),  265-272. 
oxygen  in,  percentage  of,  103. 

■ —  properties  of,  103. 

refining  small  quantities  of,  pro- 
cess for,  218. 

Reichert    and  Reichert  -  Meissl 

values  of  {table),  242. 

saponification  values  of  {table), 

222. 

sources  and  composition  of,  103. 


Fixed  oils,  specific  gravities  of,  at  60"  F., 
104,  172,  184. 

unsaponifiable  matter  in,  per- 
centages of  {table),  233. 

Flashing-point,  Abel  test  for  determining, 
187. 

'  closed  test '  for,  187. 

determination  of,  187-191. 

Gray's  tester  for  determining,  190. 

Flashing-point,  limits  of  safety,  186. 

meaning  of,  186. 

of  cylinder  oils,  187. 

of  fixed  oils,  18t$. 

of    mineral    lubricating    oils,    101, 

186 

'open  test 'for,  186,  187. 

Pensky- Martens  test  for,  188. 

volatility  of  oils  compared  with,  194, 

310. 
Fluorescence,      or      'bloom,'     98,      101, 

229. 
characteristic    of   hydrocarbon    oils, 

229 
destroyed  by  nitronaphthaleue,  etc  , 

304. 
Forced    lubrication,    402,   403,    438-441, 

475. 
Fox  ;  chemical  action  of  fatty  acids  on  lead, 

214. 

oxygen  absorption  test,  271. 

(and    Baynes),    changes    caused    by 

blowing  oils,  122. 
(and  Baynes),  Hehner  values  of  blown 

oils,  239. 
Fractional  distillation,  94,  95. 
B>anke's  mechanical  lubricator,  435. 
Freezing  of  lubricants,  461. 
Freezing-point  (see  Setting-point). 
Friction,  at  high  speeds  due  to  viscosity 

of  oil  pressure- film,  398. 

coefficient,  continuity  of  static  and 

kinetic,  8,  60. 
coefficient,  measurement  and  defini- 
tion of,  6. 
coefficient,    Morin's     apparatus    for 

measuring,  6. 
coefficient  of,   at  high  speeds  with 

perfect  lubrication,  364,  402. 

coefficient  of,  at  low  speeds,  57. 

coefficient  of,  between  the  same  and 

different  metals,  7. 

coefficient  of,  kinetic,  7,  8. 

coefficient  of  '  Magnolia '  metal,  8. 

coefficient  of,  static,  7,  8,  51. 

coefficient  of,  with  varying  loads  and 

speeds,  61,  846. 

cohesion  and,  3. 

contamination  films  and,  5,  7. 

effect  of,  on  bearing  temperature,  77, 

78. 
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Friction,  efTect  of  viscosity  of  lubricant  on 

roller  bearing,  88. 
effects  on  machinery  at  low  speeds, 

66. 

heating  by,  18,  14. 

heating  of  lubricating  films,  effect  of, 

on,  403. 

high  speed,  364,  395. 

high  speed  due  to  viscosity  of  Inbri- 

cant,  395. 
influence  of  bearing  area  upon,  81, 

83. 
influence  of  load  and  speed  on,  74- 

78,  405. 
influence  of  method  of   lubrication 

upon,  56,  83,  402. 

influence  of  surface  condition  on,  6. 

influence  of  thickness  of  lubricating 

films  on,  51,  405. 
influence  of  viscosity  an«l  oiliness  of 

lubricant  on,  56,  80,  345,  846. 

internal  (viscosity)  of  liquids,  15-28. 

losses  resulting  from,  49,  495-498. 

of  ball  bearings,  86-88. 

of  brakes,  9-11. 

of  contaminated  surfaces,  5. 

of  cylindrical  bearings,  74-84. 

of  lead  bronze  bearings,  380. 

of  leather  belt,  8. 

of   pivots,   variation  of,  with  speed 

and  load,  69. 

of  roller  bearings,  88,  429. 

plastic,  28,  53. 

rolling,  3,  12.  86. 

seizing  caused  by,  5. 

slow  speed,  57,  394. 

solid,  and  speed,  8-10,  57-62 

introductory,  1. 

laws  of,  10. 

nature  of,  2. 


-  Rennie's  exf)erinients  on,  7. 
theory  of,  12. 


.speed,    ellect    of,    on,    60,    61,    316, 

391. 

static,  of  roller  bearings,  88. 

viscosity  and,  51. 

variation  of,  with  speed,  60,  394. 

wear  caused  by,  2,  81. 

Friedraann'.s     pump     cylinder-lubricator, 

450. 
Furfurol  test  for  sesame  oil,  292. 
Furness  lubri«ator   for    steam    cylinders, 

453,  454. 

*  Galena'  axle  oil,  viscosity  of,  167. 
Galician  machine  oils,  viscosity  of,  167. 
Gal  ton  (Douglas) ;   brake  friction  experi- 
ments, 9-11. 
Gas  engines,  lubrication  of,  476,  477. 
Qaaoline,  94. 


'  Gelatin '  for  thickening  mineral  oils,  126, 

303. 
Gellatly ;    spontaneous    ignition   of  oily 

waste,  279. 
Gill  (and  Tufts) ;  sitosterol  in  maize  oil, 

284. 
*  Globe  '  oil,  viacosity  of,  167. 
Glycerin,  determination  of  specific  gravity 
of,  174. 

used  in  lubrication  of  steam  cylinders, 

476. 
Glycerol  and  water,  determination  of  vis- 
cosities of,  136-140. 

viscosities  of,  at  20'  0.  (tabU), 

140-148. 
'  Glyco '  antifriction  metal,  389. 
Goldmann  ;  determination  of  volatile  fatty 

acids,  240. 
Goodman  ;  change  of  coefficient  of  friction 
with  increasing  load   and  speed, 
61. 

coeflicient  of  friction  at  low  speeds, 

67. 

effect  of  bismuth,  etc,  in  antifriction 

alloys,  392. 

experiments  with  ball  bearings,  86. 

investigation  of  antifriction   alloys, 

392. 

lead  as  an  antifriction  metal,  892. 

losses  resulting  from  bearing  friction, 

49. 

low-speed   friction,   experiments  on, 

58. 

thickness  of  lubricating  oil-films,  896. 

viscosity    and    cylindrical     bearing 

friction,  on,  80. 
Goodman's     friction      testing     machines 

(drum),  356-359. 
Gore  ;  solvent  power  of  surface  Alms,  40. 
'Goudron,' characteristics  of,  100. 

lubricating  grease  made  from,  100. 

'  Graney '  bronze,  382. 
(irai>e8eed  oil,  acetyl  value  of,  248. 
'  Graphite '  antifriction  metal,  389. 
Graphite,  application  of,  to  steam  cylinders, 
453,  476. 

for  heavy  loads,  471,  472,  479. 

lubricant  for  cast-iron  surfaces,  472. 

Gray;  flashing-point  apparatus,  190. 
Grease,  analysis  of,  systematic,  328. 

as  lubricant  for  motor  cars,  478. 

cart,  from  Galician  petroleum,  89. 

consistence  of,  methods  of  measuring 

the,  170-172. 

*  cup, 'manufacture  of,  127. 

detection  of  soap  in,  303. 

detection  of  inorganic  substances  and 

starch  in,  808. 

'  engine,'  manufacture  of,  127. 

hot-neck,  181. 
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Grease,  melting  of,  phenomena  obseired  in  ! 

the,  200. 
— -  melting-point,  determination  of,  200- 

206. 
quantity  consumed  in  railway  wagon 

lubrication,  129. 

railway  wagon,  128,  129. 

rosin,  adulteration  of,  131. 

cause  of  formation  of,  1 30. 

manufacture  of,  analyses,  and 

uses  of,  129,  472. 
soap  •  thickened,    manufacture    and 

analyses  of,  126-131. 
unsuitable  for  quick-running  machin- 
ery, 466. 
use  of,  for   locomotive    lubrication, 

467. 

uses  as  lubricant,  466,  467. 

Grease-cup  lubricator,  486,  441. 
Greasiness,    property    of  lubiicants,    30, 

461,  462. 
Gripper ;  approximate  analysis  of  mixed 

lubricating  oils,  224. 
Gumming  of  oils  sometimes  due  to  free 

acids,  215. 
and    oxidation  of   lubricating  oils, 

265-278,  460. 

(see  also  Oxidation). 

Gun-metal,  379. 
Gypsum  for  bearings,  393. 

Haoenbach  ;  on  correction  for  energy  of 

capillary  flow,  26. 
Hall   (Proctor) ;   measurement  of  surface 

tension,  45-47. 
Halphen  ;    colour  reaction  of  cottonseed 

oil,  288. 
Hardness  and  its  determination,  375-377. 
relative,  of  metals  and  alloys,  375- 

377. 
'  Harrington '  bronze,  382. 
Hazel-nut  oil,  composition  of,  116. 

general  characters  of,  116. 

iodine  value  of,  255. 

iodine    value    of   mixed    fatty 

acids  from,  255. 
lubricant  for  delicate  mechan- 


isms, 116. 

lubricant     for    watches,     etc., 


474. 


melting-  and  solidifying-points 


of  mixed  fatty  acids  from,  205. 

RMichert-Meissl  value  of,  242. 

saponification  value  of,  222. 

source  of,  116. 

specific  gravity  of,  184. 

Heatinff  of  bearings  (see  Bearings), 
— —  vucosity  and,  491. 
Htdge-mustard  oil,  108. 
HedKe-radiah  oil,  103. 


Hefford  (C.  E. ) ;  experiments  on  crank-pin 
lubrication,  399. 

Hehner ;  observation  on  Becchi's  cotton- 
seed oil  test,  289. 

(and  Mitchell),  bromine  thermal  test, 

257,  258. 

Hehner  value,  determination  of  the,  287. 

of  fixed  and  blown  oils  \iahle\ 

239. 

use  of,  in  the  analysis  of  lubri- 


cants, 236,  237. 
Hele-Shaw  ;  theory  of  solid  friction,  12. 
Hempseed  oil,  acetyl  value  of,  248. 

freezing-point  of,  199. 

iodine  value  of,  255. 

iodine    value    of   mixed    fatty 

acids  from,  255. 

oxidation  of,  change  of  weight 


by,  270. 

—  melting-  and  solidifying-points 
of  mixed  fatty  acids  from,  205. 

—  refractometer  value  of,  207. 

—  saponification  value  of,  222. 

—  specific  gravity  of,  184. 
unsaponiliable  matter,  percent- 


age of,  in,  233. 
Hesse  ;  colour  test  for  cholesterol,  292. 
Hickory  (wood)  for  bearings,  393. 
Hide  for  wheel  teeth,  393. 
High  s|)eed  engines,  lubrication  of,  475. 
Hirn  ;  friction  of  lubricated  surfaces,  9. 
*  Hoffmann  *  ball-bearing,  428. 
Hofnieister  ;  methods  for  determination  of 

setting  points,  197. 
llolde  ;  nspiialt  and  resin  in  mineral  oils, 

300-302. 
changes   undergone  by  mineral  oils 

exposed  to  air  in  thin  films,  272- 

278. 

colour  reaction  of  rosin  oil,  294. 

detection  of  fatty  oil  in  mineral  oil, 

219,  326. 
detection  of  mineral  oil  in  fatty  oil, 

219. 

detection  of  nitronaphthalene,  305. 

detection  of  water  in  oils,  805. 

determination  of  flashing-point,  188, 

189. 

Engler's  viscometer,  use  of,  152. 

organic  acids  in  mineral  oils,  210, 

218. 

oxidation  of  fixed  oils,  267. 

oxygen  absorption  test,  271. 

parafi&n  in  mineral  oils,  determination 

of,  299. 
Holly  (wood)  for  bearings,  303. 
Holt;    drain-valve    for   steam  oylindei-s, 

457. 
Hooper  ;  acidity  of  commeroial  naatsfoot 

oil,  824. 
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Hone  fat,  iodine  value  of,  255. 

iodine  value  of  mixed  fatty  acids 

from,  255. 

melting-point  of,  204. 

melting-  and  solidfyingpoints 

of  mixed  utty  acids  from,  205. 
Reicbert  and    Reichert  -  Meissl 

values  of,  242. 

saponification  value  of,  222. 

specific  gravity  of,  184. 


Horse  oil,  Maumen6  thermal  value  of,  263. 
Horsefoot  oil,  acetyl  value  of,  250. 

iodine  value  of,  255. 

iodine    value    of  mixed    fatty 

aoids  from,  255. 

specific  gravity  of,  184. 


Hot- neck  greases,  131,  479. 

How  (Thos.  W. ) :  on  roller  bearings,  88. 

Howat  (A.);  drop  sight-feed  lubricator, 

481. 
Hoyle*s  antifriction  metal,  389. 
HUbl  iodine  process,  chemical  reactions  of 

the,  251.  252,  256. 
value  (see  Iodine  value). 

*  Huile  tournante '  ('huile  d'enfer'),  112. 
Hurst ;  volatility  of  machine  oils,  192. 

*  Hyatt '  flexible  roller  bearings,  428. 
flexible  roller  bearings,   friction  of, 

429. 
flexible  roller  bearings,   loads  carried 

by,  429. 
Hydraulic  machinery,  lubrication  of,  54, 

479. 
Hydrocarbon   oils  (see   Mineral  luhriciU' 

ing  oilSf  Rosin  oil). 
Hydrocarbons,   ideiititication    of,   in    un- 
saponifiable  matter,  229. 

occurrence  of,  in  beeswax,  245. 

Hydrolysis  of  fatty  esters,  105. 
Hydrometers,  177-179. 

'  Ibis  *  antifriction  metal,  389. 

Illuminating  oils  from  petroleum,  91,  94. 

yield  increased  by  cracking,  95. 

Ingham  and  Stapfer  ;  oil  testing  machine 
{drum),  350. 

Iodine    value    calculated    from    bromine 
thermal  test,  258-260. 

calculated  from  Maumene  test, 

264. 

determination  of,  by  Hiibrs  pro- 
cess, 252-256. 

determination  of,  by  Wijs's  pro- 
cess, 257. 

meaning  and  use  of,  in  analysis 

of  oils,  251. 

of  blown  oils,  alcohols,  resins, 


'  WW 

solid  hydrocarbons,  mineral  lubri- 
cating oils,  and  rosin  oil  {table), 
256. 


Iitdine  value  of  fixed  oils,  fats,  and  waxes 
{table),  255. 

— of  mixed  fatty  acids  {ia^le),  255. 

Isocholesterol,  characteristics  of,  281. 

distinction  of,  from  cholesterol,  234. 

occurrence  of,  in  wool  fcit,  231,  232. 

Jaooby's  alloj  for  light  loads,  389. 
Jamba  rape  oil,  107. 
Japan  fish  oil,  acetyl  value  of,  250. 
Japan  wax,  acetyl  value  of,  250. 

iodine  value  of,  256. 

melting-point  of,  204. 

melting-  and  solidifying-points 

of  mixed  fatty  acids  from,  205. 

sai»onifieation  value  of,  222. 

Sfiecific  gravity  of,  184. 

Jean  (Amagat  and),  diti'erential  refracto- 

meter,  206. 
Jenkin  ;  continuity  of  static  and  kinetic 

coefficients  of  friction,  8,  60. 

friction  and  speed,  57. 

Jenkins;  bromine  thermal  test,  258. 
melting-point   of    fatty    acids  from 

blown  oils,  123. 
Jessop ;  lubrication     of      connecting-rod 

big-ends,  420. 
Jewelled  bearings,  411. 
Job  ;  investigations  into  the  causes  of  hot 

bearings,  382-384. 

on  torsion  viscometer,  155. 

Joule  ;  mechanical  equivalent  of  heat,  13. 
Journnls,  corrosion  of,  by  free  fatty  acids 

in  oils,  215. 

Kapdk  oil,  colour  reaction  of,  288. 
Kelley's  watch  oil,  results  of  examination 

of,  121. 
Kelvin  ;    law    of    molecular    attractions, 

34. 
licjuids    for    illustrating    interfacial 

tension,  34. 
Kerosene  illuminating  oil  from  petroleum, 

94. 
Kimball  on  friction  and  si)eed,  8. 

on  low  speed  friction,  57,  58. 

Kingsbury  ;  friction  of  .-crews,  370-872. 

oil-testing  machine,  361-364. 

on  air  as  a  lubiicjint,  85. 

thickness    of   lubricating    oil-films, 

397. 
Kingston's  antifriction  alloy,  389. 
Kissling ;  apparatus  for  determining  con- 
sistence of  fats,  170. 

oxidation  of  linseed  oil,  267. 

spontaneous  healing  of  oily   fibrous 

mineral,  279. 
Knowles  (see  Cliapman). 
Koettstorfer :  *  degrees '  (of  acidity),  216. 
value  (saponification  value),  220-223. 
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;  appMmttts  for  detarmiiiiDg  ooii< 
of  fats,  170. 
152. 


Inbrieuits  used 
iar.  475. 
alloj  for  heanly  loaded  beariogs, 


iT  « 


oil-testing  machine  {drum), 

;  stability  of  liquids  and  solids  in 
tact,  37. 
(process    of    grinding    hard 

ralae  of,  255. 

Talae  of  mixed  fotty  acids 
firom,  255. 
Iting-point  of,  201. 

—  melting-    and   solidifying- points   of 

mixed  fotty  acids  from,  205. 
reihustometer  yalae  of,  207. 

■  Bciehert-Meissl  value  of,  242. 

—  aaponification  ralue  of^  222. 

—  specific  gravity  of,  184. 

■  nnsaponifiable  matter,  percentage  of, 

in,  238. 
^rd  oil,  acetyl  value  of,  250. 
characters,  general,  and   com- 
position of,  118 

coefficient   of  friction    (static) 
with,  52. 

—  congealing  point  of,  in  relation 
to  iodine  value,  323. 

ronstants  of  genuine,  815. 
freezing-noint  of,  199. 
iodine  value  of,  255,  828. 
Maumen^  value  of,  828. 
preparation  of,  from  lard,  118. 
refractometer  value  of,  207. 
saponification    value    of,    222, 
324. 

specific  gravity  of,  184,  328. 
specific  gravif^  of  mixed  fatty 
acids  from,  185. 

testing  for  adulterants  in,  8*28. 
nnsaponifiable  matter,  percent- 
age of,  m,  824. 

uses  as  lubricant,  475. 
Lasche ;  experiments  on  high  speed  friction 

and  lubrication,  76,  77,  414. 
— •  relation  between  bearing  temperature 

and  friction,  77,  78,  403. 
Le  Sueur  (see  CrossUy), 
Lead  as  an  antifriction  metal,  892,  472. 

bronze  bearings,  879. 

bronze  bearings,  relative  friction  and 

wear  of,  379,  380. 
■■       in  bearing  metals,  effect  of,  on  wear 

of  journals,  381. 
Leeds ;  rosin  acids  in  rosin  oil,  125. 


Leffmann  (and  Ream) :  use  of  glyeend  for 

Rftichert-Meissl  process,  240. 
Leonard ;  detection  of  nitronaphthalene, 

305. 
Lewis  (W.  T.) ;  watch  and  dock  besring% 

411. 
Lewkowitsch  ;  acetyl  value,  determination 

of  the,  248,  249. 

acetyl  value,  meaning  of  the,  251. 

values  of  oils  {lMbU:\  250. 

acid,  free,  in  palm  oil,  211. 

^-^  characters  of  commercial  blown  oils^ 

124. 
chemical  changes  caused  by  blowing 

oils,  122. 
cholesterol,  action  of  potash  lime  on, 

246. 
-^—  colophony,     determination     of,    by 

Twitcheirs  process,  289. 
iodine  vslue,  determination  of  the 

256. 

neatsfoot  oil,  properties  of,  824. 

nitric  acid  test  for  cottonseed  oil, 

290,  291. 
-^—  rosin  oil,  specific  gravity  of,  125. 
-^—  sperm  oil,  alcohols  of,  245. 

sperm  oil,  composition  of,  112. 

tallow,  iodine  value  of,  822. 

nnsaponifiable  matter,  relation  of,  to 

fire  risk,  279. 
Liebermann  ;  colour  reactions  of  cholesterol^ 

roein  acids  and  rosin  oil,  293-295. 
Lignum  vit»  for  bearings,  393. 
Limestone  for  bearings,  393. 
Linseed  oil.  acetyl  value  of,  248,  250. 

blown,  Hehner  value  of,  239. 

freezing-point  of,  199. 

iodine  value  of,  255. 

■  iodine   value   of    mixed   fatty 

acids  from,  255. 

—  Maunien^  value  of,  268. 
meltinff-  and  solidifying-points 

of  mixed  fatty  acids  from,  205. 

—  oxidation  of  increase  of  weight 
by,  268,  270. 

oxvgen,  absorption  of,  by,  271. 

refractive  index  of,  206. 

refractometer  value  of,  207. 

Reichert-Meissl  value  of,  242. 

sa)K)nificatlon  value  of,  222. 

specific  gravity  of,  184. 

specific  gravity  of  mixed  fatty 
acids  from,  185. 
nnsaponifiable  matter,  percent- 
age of,  in,  233. 
Liquids,  attractive  forces  between  molecules 
of,  38. 

miscibility  of,  85. 

Livache  ;  drying  of  oils  by  oxidation,  265. 
test  for  oxidation  of  oils,  267,  268. 
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Loads  admissible  ou  bearings,  404-408. 

on  ball  bearings,  425. 

on  ]»ivot  bearings,  423. 

on  plane  surface  bearings,  407,  408, 

422-424. 

on  railway  bearings,  473. 

on  roller  bearings,  429. 

Lobry  de  Bruyn  ;  detection  of  mineral  oil 

in  sperm  oil,  220,  326. 
Locomotive  engines,  loads  on  bearings  of, 

416. 
lubrication  of  bearings  of,  416, 

416,  476,  487,  483. 
Looms,  lubricants  used  for,  474. 
Lorries,  steam,  lubrication  of,  478. 
Loyibond*8  tintometer  for  observing  the 

colour  of  oils,  309. 
'  Luard '    automatic     cylinder-lubricator, 

454. 
Lubricants,  acids  in,  effects  of,  213. 

adulteration  of,  458. 

blended,  464. 

-^— changes   caused    by    continued 

use,  466. 
— ^ precipitation  of   solid    paraffin 

in,  466. 

clarification  of,  468. 

cost  and  efficiency  of,  493. 

decomposition  of,  482. 

filters  for,  468. 

for  boiler  fittings,  480. 

for  high  8i)eeds,  473. 

for  low  speeds,  471. 

for  metal  against  wood,  472. 

for  mcMierate  speeds,  472. 

for  nuts  and  bolts,  480. 

freezing  of,  461. 

friction  of  solid,  14. 

greasiness  of,  461,  462. 

grit,  etc.,  in,  470. 

gumming  of,  460. 

kinds  of,   suitable   for  various  loads 

and  speeds,  466,  471-474. 

—  measurement  of  efficiency  of,  494. 

mechanical  testing  of,  330-370. 

mixed,  analysis  of,  328,  329. 

oiliness  of,  461,  462. 

plumba>50,  for  cast-iron,  378. 

selection  of,  493. 

solid,  for  heavy  bearings,  471,  472, 

479. 

shear  of,  1 4. 

staining  of  fabrics  by,  468. 

straining,  imiM)rtnnce  of,  471. 

testing  of,  by  physical  and  chemical 

methods,  307-329,  459. 

—  testing  of,   by  mechanical  methods, 

830-370. 
■^—  use  of  fats  and  greases  as,  466. 
■ variable  oiliness  of,  83. 


Lubricants,  viscosity  of,  in  relation  to 
lubrication,  462. 

Lubricating  films  (see  Films), 

Lubricating  oils,  composition  and  identifi- 
cation of  unsaponifiable  matter  in, 
228-286. 

containing  sperm  oil  or  wool  &t 

and  mineral  oil,  analysis  of,  245. 

density,   alteration  in,  caused 

by  change  of  temperature,  182, 
183. 


—  expansion  of  (alteration  in  den- 
sity), 182,  183. 

mineral  (see  Mineral  luhrieat" 


ing  oils). 

mineral,  projiortion  of,  obtained 


from  crude  pietroleum.  91. 

mineral,  spoiled  by  destructive 


distillation,  96. 

mixed,  approximate  analysis  of. 


223. 

—  mixed,  determination  and  iden- 
tification of  the  saponifiable  oil  in, 
286,  236. 

—  mixed,  determination  of  un- 
saponifiable matter  in,  224-228. 

mixed,  systemntic  analysis  o( 


328. 


—  oxidation    and    gumming    of, 
266-278. 

oxygen,  absorption  of,  by,  269- 


271. 
Lubrication  and  friction  (general  remarks 

on),  48. 

bath-  and  pad-,  com  [wired,  57,  83. 

bath-, Tower's  experiments  on,  402. 

Bellis*  system  of,  438,  439. 

by  air-film,  85. 

by  pump  circulation,  415. 

by    suction    at    point    of    negative 

pressure,  73  (footnote). 

contamination  films  and,  6,  38,  48. 

economical,  497. 

effects  of  film -strength  on,  64. 

efficiency  of,  at  ditTerent  loads  and 

speeds,  61. 

forced,  402,  403,  438-441,  476. 

greases  used  for  low  speed,  63,  472. 

high  speed,  60,  64,  395,  473. 

theory  of,  64-83. 

importance  of,  to  prevent  abrasion, 

65. 
influence  of  the  method  of  lubrica- 
tion on,  56,  83. 
— ^  influence  of  the  nature  and  condition 

of  friction  surfaces  on,  65. 
influence  of  viscosity  and  oiliness  of 

lubricants  on,  66,  473. 

low  speed,  60,  55-63,  894,  471. 

theory  of,  62. 


Lnbrieition  nstliDdictt]  habits,' importaoce 
of.  487. 

—  objects  of,  48. 

—  of  boiler  Rttings,  490. 

—  of  collar-bearinf^,  122. 

—  of conneBting-nid  big-enilB,  420. 

—  ofontttog  tools,  4S, 

—  of  oylinderi,  siTects  of  wator  on,  M, 
484. 

of  DjliDdiicftl  «urfaEBa,  theot7  of,  72- 

84. 

—  of  g)>s  eagin<>s,  47S,  477- 

—  of  bigh  9|>eed  enjiintB.  475. 

—  of  hydriiulio  iiiK<'biaery,  G4,  379. 

—  of  inclined  j<lane  aurfaces,  theory  of, 
8»-72. 

—  of  locotnilive  engiuei,  41S,  418,  475, 


487,  4 


-ofm 


~  of  oil  engines.  477. 

of  piston  rods,  V25. 

of  pirot-besi'ingx.  428, 

of  pivots  mstheiQatioU;  considered, 

68. 

—  of  pUne  pirsUel  sarfsces,  theory  of, 
64. 

-  ofpUne  HDrfscfl  h«aring8,  421-425. 
-of  railway  vohii'lea,  473. 

-  of  slide-blocks,  4-.fl,  422,  473. 

-  of  steam  motors,  478. 

—  of  traotion  engines,  478. 

—  of  Tariible  load  bearinga  (crtnk-pins. 
eie.),  410^21. 

•^— oil -pump,  4S7,  438. 
pad-,  84,  489. 

—  iiad-.  Tower's  eiperiments  iin,  401. 

—  I'arsoiis'  system  of,  43S. 
-■p«cleot.'&0,  402. 
advMitagRB  of,  396,  .197. 

—  plsatio  solids,  use  of,  for,  63. 

—  ring,  for  reservoir  bearing,  414. 

-  splash  (oliiimber),  441.  476. 

-  sUtio,  61. 

—  steam  cylinder  and  vslva,  441-150, 
482-185. 

-  superficial  tension  and,  30,  113,  S4. 

-  nif face  -  film    solveut     power     and, 
40, 

—  theory  of,  1^-68. 

—  treated  in  tbrM  'liviaions,  Gl. 

-  visooD]  (low  ind,  16. 
Xnbricator,    Adams  and  Qrandiaon's,  for 

ttBam  cylinders.  412. 

-  antomutic,  for  rt*»m  oylindsrs,  444, 

-  Chapmsn'ii  autonialio  steam  oylindor, 
for  i^pbite,  463. 

■ Deelev's  steam -cy Under,  441. 

•^^  drop- feed,  Ml. 


iricstor,   drop- feed   and   siphon 

binodf,  431. 
-Franke'smflohanical,  435. 
'  Friedmann's      pump,      for 

cylinders,  iBO. 
-  '  Funiess,'  for  steam  cylinder! 

454. 


453, 


grease  cup,  for  steam  cylinders,  441, 

■  Lusrd,'  for  steam  cylinders,  454, 

—  needle,  430. 

'  Octopus'  sight-feed,  433.  4 

Ottewell's,  for  steam  cylinders,  4ilA 

'  Roi,'  for  ateam  cylinders,  448,        " 

'  Boacoe,'  for  slesm  cytindofs,  441, 

Royle's,  for  steam  cylinders,  447. 

—  ■  SerpoUet,'  mechanical,  434. 
-aiphon,  430,  431. 

Smith's  automatic  vsItb,  465. 

Stauffrr  grensc  cap,  436. 

Threlfall's.  for  Iocomo[i»es,  432,       I 

—  for  steam  cylinders,  433.  1 

TiUton's,  for  shafting,  etc.,  440. 

Wakelielda,  for  steam  cylinders,  417.' 

— -  Winn's,  for  steam  cjUnders,  449. 

Lubricators,  4S0-456. 

automatic  and  mechanical  drop-feed, 

4:J2-434. 

meohaniea!  '  pressure,'  48 1-436. 

ueeille,   siphon   and  diop-leed,   430- 

432. 

steam  cylinder  and  rslve,  441-456, 

Lunawit*  (see  Schireili^). 

Loi^   teat  fat  fatty  oil   in   luinsral  oil,. 


496. 

con""',  lubrioanta  used  for,  47B. 

— -  hydraulic,  lubrication  of,  54,  479. 

iiianagBmsnt  of.  485-485. 

—  miscelianeous,  lubrication  of,  474, 

oils,  TisoDsity  of,  167,  18B. 

light,  from  ostatki.  100. 

oil-testing   (see    Telling   mnehini 

830-872. 

preserratioa  of  standing,  48B. 

— —  starting  new,  486. 

M'lliiinsy  ;  dstermination  of  rosin  oil 

mineral  oil,  298- 
Maekey ;  clotii'i 


I 

I 


unssponi liable  matter,  relation  of,  to 

Uro-riak,  278. 
MacNaitKht's  testing  machine  {di>r),  335. 
'  Magnolia '  metal,  compoaition  of,  389. 
friction   ciperimenta  with,  S| 
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Maize  oil,  acetyl  value  of,  250. 

freezing-point  of,  199. 

iodine  value  of,  255. 

iodine  value  of  mixed  fottjr  acids 
from,  255. 

melting-  and  solidifying-points 
of  mixed  fatty  acids  from,  205. 

Reichert  value  of,  242. 

saponification  value  of,  222. 
sitosterol  in,  234. 

specific  gravity  of,  184. 

unsaponifiable     matter,      per- 


Menhaden  oil,  iodine  value  of,  255. 
Maumen^  value  of,  263. 
Reichert  value  of,  242. 
specific  gravity  of,  184. 
unsaponifiable      matter, 


per- 


centage of,  in,  283. 

unsuitability  of,  for  lubrication , 
107. 

Manganese  bronze  bearings,  381. 

Maple  (wood)  for  bearings.  393. 

Marangoni ;  behaviour  of  liquids  in  con- 
tact, 35. 

'—  stability  of  liquids  and  solids  in  con- 
tact, 87. 

Marcusson  ;  separation  of  cholesterol  and 
phytosterol  from  mixtures  contain- 
ing mineral  oil,  234. 

Marine- engine  cylinders  not  directly 
lubricated.  483. 

Marine  engines,  lubricants  used  for,  476. 

Marshall  ( l^ailey ) ;  on  roller  bearings,  88. 

Martens'  oil-testing  machine  {drum\  350- 
352. 

Mattice  (A.  M.) ;  Parsons'  system  of  lubri- 
cation, 438. 

Maumen^  thermal  test  for  oils,  260-263. 

thermal  values  of  oils  {table),  263. 

thermal  value,  relation  of,  to  iodine 

value,  264. 

Maxwell  on  viscous  and  plastic  flow,  28. 

Mayer  (L.)  ;  examinntion  of  tallow  for 
cottonseed  oil  or  stenrin,  322. 

'  Mazut  *  residuum  from  Russian 
petroleum,  97. 

Mechanical  drop- ft  ed  lubricators,  432-434. 

'  pressure*  lubricators,  434-436. 

testing  of  lubricants,  330-372. 

testing   of   lubricants,    objects   and 

conditions  of,  330-331. 

Mechanism,  efficiency  of,  497. 

Meissl  (see  Reichert-Meissl). 

*  Melon  oil  *  frum  head  of  dolphin,  120. 

Melting-point,  determination  of,  prepara- 
tion of  substance  for,  201. 
by  Bach*s  method,  203. 
by  Bensemann*s  method,  203. 
by  capillary  tube  method,  202. 
by  Cook's  method,  203. 
by  Pohl's  method,  201. 
by  Stock's  method,  201. 
of  fats  and  greases,  200-206. 
of  lubricants,  objects  of  determining, 
200. 


oentage  uf,  in,  233. 
Metallic  packing  (see  Piston-rod  packings), 
Metals,  corrosion  of,  by  fatty  acids  in  oils^ 

213-215. 

diffusion  of,  4. 

relative  hardness  of,  375,  876,  377. 

Michelson  ;  on  measurement  of  superficial 

tension,  45. 
Milliau  test  for  cottonseed  oil,  288,  289. 

test  for  sesnm^  oil,  292. 

Mineral  acid,  free,  determination  of,  in 

oils,  217. 

in  refined  rape  oil,  313. 
}>ermis8ible  amount  of,  218. 
Mineral  lubricating  oils,   acid,   free,  in,. 

210,  218,  311. 
lubricating  oils,  ash  in,  proportion 

and  determination  of,  304,  311. 
asphalt  iu,  detection  and  deter- 

mination  of,  300-302,  811. 
boiling  points  of,  101. 

—  caoutchouc,    detection    of,   in^ 
302,  311. 

cold-test  of,  101. 

—  colour  of,  808. 

—  composition  of,  101-108. 

—  detection  of,  in  fatty  oil,  219. 

—  fatty  oil,  detection  of,  in,  219^ 
811. 

—  fire  risk  of,  279. 

—  fla8hing.|>oint  of,  101,  186,  309, 

—  grit  and  dirt  in,  312,  470. 

—  ^mming  of,  272-278,  811,  460. 

—  inorganic  substances,  detectioD 
of,  in,  303. 

—  iodine  value  of,  103,  256. 

—  manuracture  of,  94-101. 

—  odour  of,  308. 

—  oxygen,  absorption  of,  by,  271. 
paraffin,   determination  of,  in,. 

299. 

properties  and  composition  of, 
101-103. 

refractive  index  of,  206. 

rosin  oil  in,  detection  and  deter- 
mination of,  295-298,  311. 

saponifiable  oil,  determination 
of,  in,  228. 

saponification    value    of   (ni/),. 


222. 

setting-point  of,  101,  195,  200,. 
310. 

soap,  detection  of,  in,  303,  810. 

sources  of,  89-94. 

specific  gravity  of,  101, 184, 809.. 


INDEX. 


617 


Mineral  lobricating  oils,  spontaneous  com- 
bustion preTented  by,  279. 

—  systematic  testins  of,  by  physi- 
cal and  chemical  meUiods,  80S-312. 

—  viscosity,  determination  of,  809. 

—  viscosity  of,  167-169. 
viscosity  of,  factitious,  126. 
volatility  of,  191-194,  809,  810, 

482. 

volatility  and  flashing-point  of, 

compared,  194,  810. 
Hiscibility,  interfacial  tension  and,  85. 
Mitchell  (see  Hehner). 
'Mixing-oils'  prepared  from  solar  oil,  100. 
Molecular  Btress«'S,  intensity  of,  88. 
Molecnles   of    liquids,    attractive    forces 

between,  88. 
•^—  stresses  on  surface,  84. 
Moore  (H.  F. );  formula  for  maximum  loads 

on  bearings,  405. 
—7-  lubrication  by  suction,  78  (footnote). 
Moore  ( R.  W. ) ;  constants  of  porpoise  and 

dolphin -jaw  oils,  121. 
Morawski ;  colour  reaction  of  rosin  acids, 

295. 
Morin  ;  frictional  researches,  6,  9. 
Motor  cars,  lubrication  of,  478,  479. 
Motors,  indication  of,  498. 
■         steam,  lubrication  of,  478. 
Mustard  oil,  freezing-point  of,  199. 
iodine  value  of,  255. 
iodine   value   of  mixed    &tty 

acids  from,  255. 

melting-  and  solidifying-points 


of  mixed  tatty  acids  from,  205. 

—  oxidizability    of,    comparative, 
267. 

—  refractive  index  of,  206. 

—  saponification  value  of,  222. 
specific  gravity  of,  184. 


Myricyl  acetate,  yield  and  saponification 

value  of,  244. 
•^—  alcohol,   occurrence  of,   in    beeswax 

and  carnauba  wax,  245. 

ITaphtha,  crude,  from  peti*olenm,  94. 
l^apier  ;  on  friction  and  viscosity,  408. 
'  Natural  oils,'  96. 
27aylor  (C.  W. ) ;  on  water  as  a  lubricant, 

491. 
ITeatsfoot  oil ,  acetyl  value  of,  250. 

acid,  free,  in,  324. 

as  lubricant,  107,  119,  475. 

characters,  general,  of,  118,  824. 

cold,  effect  of,  on,  119. 

constants  of  genuine,  815. 

freezing-point  of,  199. 

—  iodine  value  of,  255. 

—  iodine  value  of  mixed  fatty  acids 
from,  255. 


Neatsfoot  oil,  Maumen^  thermal  value  of, 
268. 

melting-  and  solidifying  points 
of  mixed  fatty  acids  frum,  205. 
preparation  of,  118,  824. 
refractive  index  of,  206. 
refractometer  value  of,  207. 
saponification  value  of,  222. 
s[)ecific  gravity  of,  184. 

—  testing  of,  for  adulterants,  824. 

—  unsaponitiable   matter    in,  per 
cent.,  824. 

used  as  lubricant  for  clocks,  119, 
474. 

used  for  mixing  with  miperal 
oil,  107. 
Needle  lubricator,  480. 
'  Neutral  oil,'  manufacture  of,  98. 
Niger-seed  oil,  freezing-point  of,  199. 

iodine  value  of,  255. 

iodine   value   of  mixed    hity 
acids  from,  255. 

Maumen^  thermal  value  of,  268. 
melting-  and  solidifying-points 
of  mixed  nitty  acids  from,  205. 
refractome'ter  value  of,  207. 

saponification  value  of,  222. 

specific  gravity  of,  184. 

Nitrobenzene  and  nitronuphthalene,  detec- 
tion of,  804. 
Nitronaphthalene,    used    for    destroying 

fluorescence  or  *  bloom,'  98. 
Nordlinger ;  free  acid  in  castor  oil,  213. 
Nuts,  lubricant  for,  480. 

Oak  (wood)  for  bearings,  898. 

Octadecyl  acetate,  yield  and  saponification 
value  of,  244. 

alcohol  in  spermaceti,  245. 

'Octopus'  sight- feed  lubricator,  438. 

Oil-cups,  cleaning  and  examination  of, 
489. 

Oil  engines,  lubrication  of,  477. 

Oil-feeders,  500. 

•  Oil-pulp '  or  '  thickener,'  126,  308. 

Oil  stains  in  fabrics,  463. 

Oil-testing  machines  (see  Testing  TnachifieSf 
mechanical),  330-372. 

Oil-ways  in  locomotive  bearings,  415,  416. 

positions  for,  898-401. 

Oiliness,  an  important  property  of  lubri- 
cants, 30,  31,  38,  56,  461,  462. 

measurement     of,     by     oil  -  testing 

michines,  830,  381,  836,  313,  868» 
364. 

relation  of,   to  viscosity,   345,    846, 

364. 

Oils,  animal  and  vegetable  (see  Fixed  oils), 

blown  (see  Hlmcn  oils), 

fatty  (see  Fixed  oils). 
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Palm-nut  oil,  Reichert  and  Reichert-Meissl 

values  of,  242,  821. 

saponification    value    of,    222, 

321. 

source  of,  115. 

spcific  gravity  of,  184. 
•  Paraffin  oils,'  97. 
Paraffin  wax,  determination  of,  in  mineral 

lubricating  oils,  299. 
— ^ identification  of,   in  unsaponl- 

fiable  matter,  230. 

iodine  value  of,  266. 

manufacture  of,  from  petroleum 

and  shale  oil,  94,  101. 
melting-point  of,  204. 
saponification    value    of  {nil)j 

222. 

specific  gravity  of,  184,  230. 
Parry  (see  Coste). 

Parsons (H on. C.  A.);  spindle-bearing,  417. 
Peach-kernel  oil,  acetyl  value  of,  248. 
Pedestal  bearings,  411-415. 
Pensky-Martens  flashing-point  apparatus, 

188. 
Pentecost ;  on  removal  of  oil-stains  from 

fabrics,  463,  464. 
Petroleum,  crude,  characters  and  composi- 
tion of,  from  various  countries,  92, 

93. 

nature  and  occurrence  of,  89. 

relative  proportions  of  illumin- 
ating and  lubricating  oil  obtained 

from,  91. 

products  obtained  fix>m,  94. 
world's  production  of,  90,  91. 
Phosphor-bronze  bearings,  379,  383. 
Phytosterol  acetate  test  for  vegetable  oils 

in  animal  oils,  232. 

characteristics  of,  231. 

colour  reactions  of,  292. 

distinction  and  separation  of,  fix>m 

cholesterol,  221-234. 

iodine  value  of,  256. 

—  occurrence  of,  in  vegetable  oils,  224, 

229,  231-234. 
Pins,  lubrication  of,  421,  478. 
Piston-rod,  packings  (metallic),  389,  390, 

424. 

non-metallic  packing  for,  64. 

Pivot-bearings,  lubrication  of,  423. 
Pivots,  theory  of  lubrication  of,  64-69, 
Plastic  friction,  28,  53. 
Plastic  (lead)  bronze  for  bearings,  381. 
Plumbago    as    lubricant    for    cast  •  iron 

burfaces,  378. 

(see  also  Qrapkite). 

Pockels  (Agnes) ;  contamination  of  liquid 

surfaces,  39. 
Poiseuille's    formula    for    flow    of   liquid 

through  capillary  tubes,  22,  183. 


Polarimetric  test  for  rosin  oil  in  mineral 

oil,  296. 
Ponzio;   arachidio  acid  in  rape  oil,  107, 

286. 
Poppyseed  oil,  acetyl  value  of,  248. 

freezing-point  of,  199. 

iodine  value  of,  255. 

iodine    value   of    mixed    fatty 
acids  from,  255. 
—  Maumen6  value  of,  263. 

melting-  and  solidifying-points 
of  mixed  fatty  acids  from,  205. 

oxidation  of,  increase  of  weight 
by,  268,  270. 

oxidizability    of,    comparative, 


267. 

—  refractive  index  of,  206. 

—  refractometer  value  of,  207. 
Reichert-Meissl  value  of,  242. 
saponification  value  of,  222. 
specific  gravity  of,  184. 
specific  gravity  of  mixed  fatty 

acids  from,  185. 
unsaponifiable  matter    in,   per 

cent  ,  233. 
Porpoise-body  oil,  freezing-point  of,  199. 

Hehncr  value  of,  239. 

iodine  value  of,  255. 

Reichert    and  Reichert  -  Meissl 

values  of,  242. 

saponification  value  of,  222. 

specific  gravity  of,  184. 

unsa]K>nifiable  matter  in,  238. 

Porpoise-jaw  oil,  chemical   constants  of, 

121,  315. 

composition  of,  120. 

extraction  of,  from  head-fat  of 

porpoise,  120. 

—  Uehner  value  of,  239. 

—  Mentitication  of,  326. 

—  iodine  value  of,  255. 
Ri'ichert   and    Reichert  -  Meissl 

values  of,  242. 

saponification  value  of,  222. 
source  of,  120. 
specific  gravity  of,  184. 
used    for  lubricating   watches. 


etc.,  107,  120,474. 
Power,  cost  of  producing,  498. 
Pressure-film     (lubricating),      conditions 

under  which  formed,  64. 

form  of,  on  cylindrical  beaiings. 


73. 

—  ] 
78. 


measurements  of  thickness  of, 

■ 

(see  also  Films). 
Printing  machines,   lubricants  used   for, 

475. 
Pulleys,  loose,  419. 

Smith's  self  oiling,  419. 
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Pomp  lubrication,  415,  487,  438. 
Pjknometer,  instrument  for  taking  spedfio 

gravity,  172. 
*Fyrene   oil'   (decompoied   refoae    olive 

oil),  112,  113. 

Quincke;   distance  at  which  moleeular 
attractions  become  perceptible,  83. 

RA005(iKE(y.  L);  commences  manu&cture 

of  lubricating  oils  from  ostatki,  99. 
Railway  bearings,  loads  on,  478. 
^Ancidity  of  oils,  not  the  same  as  acidity, 

213. 
Rape  oil,  acetyl  value  of,  248,  250. 

acid,  free,  in,  109,  211,  312. 

acid,   free  sulphuric,  in,    109, 

313 

arachidic  acid  in,  110,  286,  287. 

•  Black  Sea  (see  Rdvison  oil), 

blown,    acetyl    value  of,    248, 

260. 
• blown,     distinction    of,     from 

blown  cottonseed  oil,  327. 

blown,  Hehner  value  of,  239. 

• blown,  iodine  value  of,  256. 

blown,  Reichert-Meissl  value  of, 


242. 


characteristics  of  crude,  109. 


characteristics  of  Indian,    107, 

108. 

cold,  effect  of,  on,  110, 199. 

chemical    composition  of,   110, 


286,  287. 

—  constants  of  genuine,  314. 

—  expression    and  extraction 


of, 


from  the  seed,  108. 

freezing-point  of,  110,  199. 

iodine  value  of,  255,  316. 

iodine    value    of    mixed    fatty 

acids  from,  265, 

Mauraen^  value  of,  263,  313. 

melting-  and   solidifying-points 


of  mixed  fatty  acids  from,  205 

—  oxidation  of,  increase  of  weight 

by,  268,  269. 

oxidizability   of,    comparative, 


267,  316. 

oxygen,  absorption  of,  by,  269, 

270. 

refining  of,  by  alkaline  pro- 
cesses, 109. 

refining  of,  by  Th^nard's  pro- 
cess, effect  of,  109. 

refractive  index  of,  206. 

refractometer  value  of,  207. 

Reicheit    and     Reichert  Meissl 

values  of,  242. 

saponification    value    of,     222. 
813. 


Ripe  oil,  touTces  of^  107. 

specific  gravity  of,  184,  313. 

specific  gravity  of  mixed  fiitty 

acids  from,  186. 

testing  of,  systematic,  312-316. 

unsaponifiable  matter   in,   per 

cent,  233,  313. 

viscosity  of,  167,  169,  313. 

Rapeseed,  varieties  of,  107. 

Ravison  oil,  blown,  acetyl  value  of,   248, 

250. 
blown,  Reichert-Meissl  value  of, 

242. 

characteristics  of,  110,  111, 

iodine  value  of,  255. 

iodine  value  of  mixed  fatty  acids 

from,  265. 

Manmen6  value  of,  268. 

melting-  and  solidifying-points 


of  mixed  fatty  acids  from,  206. 

Ravison  oil,  refractometer  value  of,  207. 

saponification  value  of,  222. 

source  of,  110. 

s()ecific  gravity  of,  184. 

S{iecific  gravity  of  mixed  fatty 

acids  from,  185. 

— *  unsaponifiable   matter  in,    per 

cent,  233. 

Rayleigh ;  cohesive  force  of  water  mole- 
cules, 33,  34. 

contact  of  liquids  with  solids,  54. 

contamination    of    liquid    sur&ces, 

39. 

law  of  interfacial  tension,  35. 

solvent  power  of  surface  films,  40. 

strength  of  liquid  films,  54. 

*  Red  *  engine  oil,  viscosity  of,  167,  169. 

'  Reduced  *  oils,  characteristics  of,  96. 

process  of  manufacture,  96. 

Redwood  ( Bovertou) ;   expression  of  vis- 
cosity, 146. 

standara  viscometer,  144. 

(Deering  and),  free  acid  in  castor  oil, 

212. 

(Deering  and),  solubility  of  castor  oil 

in  alcohol,  319 

(Deering  and),  viscosity  of  castor  oil, 

320. 

Redwood  (I.  J.);  action  of  oils  on  metals^ 
213. 

grease,  manufacture  of,  126,  127. 

Refining  small  quantities  of  oil,  process  for, 
218. 

Refraction  test  for  oils,  206-208. 

Hefiactive  indices  of  oils  {table),  206. 
Refractometer,  differential,  of  Amagat  and 
Jean,  206,  208. 

tests  of  oils  {table),  207. 

Reichert  process,  240. 

values  of  oils  {table),  242. 


(nnd  Will) ;  ocic]  of  high  mslting- 
paint  in  rape  oil,  2S6. 
SeinoM ;   on  thicltuetB   ot   llqitid    lilmi, 
4T. 
^aperties  of  soap  films.  32. 
Bannis  ;  iriction  resaarches.  8,  7. 
£eiianl  ;  coDi|»iitioa  of  rosin  oil,  13B. 

datennination  oF  ai«chis  oil  in  olive 

oil,28J,  283. 
Remduum,'  charoeteristioa  of,  97. 

dilTentDce    betveen    Americui    and 

Kusaian,  ST. 

manufacture  of  diitilled  oili  frmn,  B7- 

101. 

natnrc  and  source  of,  91,  92,  94. 

yield  raducad  by  craekiog,  87. 

(aee  also  Ontalln). 

£esini,  detoction  and  determiDation  of,  in 
mineral  oils,  300-302. 
,  N  also  Culoii/ioa;/). 
£eytioIda  [Osboms) ;  conditions  determin- 
ing iteadj  viscous  Bow,  24,  133. 

beatiDR  of    lubrioating    filuiB, 

403. 

lubrication    of   ioaliaed    flau« 

surfacvs,  SU. 

physical    and   mechanical    tis- 

coaily,  22. 

lliBory  of  rolling  friction,  12. 

thickneaa   of    lubricatilig    oil- 

tilma,  3Sfl. 

»iacority  and  lubrication,  30. 

viscous  flow  between  approach-  ' 

ing  surfacoa,  67. 

viacousthBoryoflubrioation,  50.  ■ 

Rai'  cyUnder  labricator,  149.  i 

Rhigotene,'  volatilB    spirit    from    crude 

jHitroIcum,  94.  I 

fthodin  :  titnple  (onu  of  absolute  viico-  ' 

metor,  143. 

Tiioo«itieaofoil«((n«'),  144, 

_  .iahanJ's  antifriction  mctata,  389. 
Biobards;  on  Ordway's  oloth-oil  twt«r, 

280. 
iUcbudioii ;  im-'asuroment  of  sur&cs  ten- 
ofoili,  4U,  47. 

<teveloptiii:iit  of  the   Reichart  ' 
proi-BH,  840.  I 

TUahU  V.a.  'iJUndard'  tMting  machine 
(drum).  8i9-3«l. 
ttDg  •pindlaK.  lubrloillon  of,  418,  41B, 
litMTt;  rtneidltyofoils,  213, 
lobarta-Aiuten  ;  on  dinuhion  of  metals,  4. 
tobertaluw  (im  If.illar). 
lollar-bvi rings,  87.  88.  42S-130. 
lolla,  labricant  for,  98. 
boiCM ;  Inlirieator  for   steam   eylioden, 
441, 


Rosin  [see  Colophony). 

ginaiP,  129-131. 

purposes  used  for,  472. 

Kosin  oil.  anhydrides  and  esters  i    , 

-  characters,  genenl,  of,  125. 


12S. 


colour  rfactiona  of.  293-29S. 

detection  and  determination  ofi 

in  mineral  oil,  295-i!99. 
— —  drying  proi-erties  of,  136. 

iodine  value  ol,  256. 

manufiiclarB  of,  from  roatn, 

manufacture  of  grease  from, 

(29-131. 

osygeo.  abaorption  of,  by,  27U 

rehiiative  index  of,  208. 

ifractometer  value  of,  ! 


-  rosin  acids  ii 


126. 


Of,  , 


Royle-. 


n  of,  12G,  296. 

aolubility  of,   in   acetone   and 

alcohol,  2B^,  298. 
sppcifio  gravity  of,  125,  186. 

•'s   'Olo 
447. 


Rubsen  seed  and  oil,  107. 

Kiicker  ;  on  thickness  ofsoap-films,  47. 

properties  ofsoap-films,  32. 

Ruhemann  ;     detection  of   fatty    oil    i 
mineral  oil,  219. 
machine  oils,  viaoosity  of,    167- 


169. 


observation  on  setting-] 

Saiwnifi cation,  nalare  of,  lOS. 

equivalent  (.-IJfad),  233. 

v»luB,  detCTmioaiion  of,  231. 

meaning  and  use  of,  220,  224. 

values  ofoils,  lata,  and  waxes  {UM4)t 

222,  M 

Sardine  oil.  iodine  valun  of,  SSS.  M 

refraclomeler  value  of,  20".         I 

saponiHoation  value  of,  222.         ■ 

speoilio  ^vily  nf.  184.  I 

uiisaponifiable    matter  in,    par 

eeut.,  233. 


;7- 

I 


-  '"■ 

SchitT;    colour    reaction    of    eholestarol, 

393. 
Sobuttner;  riicoitily ofglycrol,  110. 
Sohulti  :  method     fur    de(*rtnlnlng     tha 

settiiuf-point!!  of  oils,  188. 
Sohwaitier;  hetitious  viicoiity  ofmtntnl 

oils,  \:a.  ] 
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Schweitzer   (and   Lungwitz) ;    character- 
iBtics  of  genuine  lard  oil,  328. 

determination    of    the    iodine 
talue,  256. 

test  for  soap  in  mineral  oil,  303. 

Solerometer    for   measuring   hardness   of 
metals,  376. 

Scotch  method  of  determining  the  setting- 
points  of  shale  oiln,  196. 

Scotch  oils  (see  ShcUe  oil ;  Mineral  lubri- 
cating oil) 

Scott-Moncrietf ;   friction    and    viscosity, 
403. 

Screwing  liquids  (see    Drilling   liquids), 
131. 

Screws,  friction  of,  370-372. 

Seal  oil,  acetyl  value  of,  260. 

blown,  Hehner  value  of,  239. 

—  freezing-point  of,  199. 

—  iodine  value  of,  255. 

—  Maumen^  value  of,  263. 

—  melting-  and  solidifying-points 
of  mixed  fatty  acids  from,  205. 

—  refractometer  value  of,  207. 

—  Keichert  value  of,  242. 

—  saponification  value  of,  222. 

—  specific  gravity  of,  184. 
unsaponifiable  matter   in,    per 

cent ,  233. 
Seizing  of  lead,  tin,  wrought  iron,  etc,  5. 
'  Serpollet '  mechanical  lubricator,  434. 
Sesam^  oil,  acetyl  value  of,  248. 

colour  reaction  of,  291. 

freezing-iK)int  of,  199. 

iodine  value  of,  255. 

iodine    value    of  mixed    fatty 

acids  from,  255. 

Maumene  value  of,  263. 

melting-  and  solidifying-points 

of  mixed  fatty  acids  from,  205. 
oxidation  of,  increase  of  weight 

by,  268,  270. 
oxidizability    of,    comparative, 

267. 

refractive  index  of,  206. 

refractometer  value  of,  207. 

Keichert    and    Reichert-Meissl 

values  of,  242. 

saponification  value  of,  222. 
specific  gravity  of,  184. 
unsaponifiable  matter  in,  233. 


Setting-point,  determination  of,  by  Arch- 
butt's  method,  196. 

by  Hofmeister's  method,  197. 
by  Schultz*8  method,  198. 
by  Scotch  method,  196. 
bv  Tagliabue's  apparatus,  199. 
of  fixed  oils,  195,  199. 
of  minernl  lubricating  oils,  101,  195, 
200,  310. 


Setting-point,  meaning  of,  195. 

precautions  necessary  in  determining^ 

195. 

(see  also  Solidifying-point). 

Sewing  machines,  lubricants  used  for,  475. 
Shafting,  lubricants  used  for,  475. 
Shale,  bituminous,  characteristiei  of,  94. 
products  of  destructive  distilla- 
tion of,  94. 
oil,  characteristics  and  composition 

of,  94. 

products  obtained  from,  101. 
(see  Mineral  lubricating  oil). 
Shark-liver  oil,  acetyl  value  of,  250. 

refractometer  value  of,  207. 

Shaw   (T.);    plumbago   as  lubricant   for 

cast-iron,  479. 
Sheep's- foot  oil,    refractometer   value   of^ 

207. 
Sight- feed  (see  Drop-feed), 
Siphon-feed,    oil-lifting   power   of    trim- 

mings,  492. 

lubricator,  430,  431. 

Sitosterol,  occurrence  of,  in  maize  oil,  234» 
Skate-liver  oil,  acetyl  value  of,  250. 
Slide-blocks,  loads  on,  422. 

lubrication  of,  421 ,  422,  473. 

Slides,  theory  of  lubrication  of,  69-72. 
Smith  (Angus) ;  oxygen  absorption  test, 

269. 
(Ford) ;  design    of  footstep-bearing, 

428. 
(R.  H. ) ;    magnolia    metal,    friction 

tests  of,  8,  387. 
(R.H.);      friction  testing     machine 

{drum),  348-349. 
("NV.  M.) ;  automatic  valve  lubricator 

for  locomotives^  455. 
Snakeweed  for  bearings,  393. 
Soap,    as     a     lubricant     for     hydraulio 

machinery,  64. 

(bubble)  films,  31. 

detection    of,    in  mineral  oils,   and 

greases,  303. 
preparation  of,  from  fixed  oils,  105. 

soft,  as   a  lubricant    for   hydraulic 

machinery,  479. 
-thickened  greases,  manufacture  and 

analysis  of,  126-131,  328. 

■  oils,  126,  328. 

Soapstone,  lubricant  for  heavy  loads,  471» 

479. 
'  Solar  oil, '*1 00. 
Solid  lubricante,  14,  471,  479. 
Solids,  friction  of,  1,  14. 

superficial  tension  of,  36. 

Solidifying- ix>ints  of  fatty  acids,  200-206. 

determined    by  Dalican's  titre-test^ 

204. 

by  Bach's  method,  203. 


BolnUlltr,  interiiioifti  tenaion  slTeoted  by, 

39. 
SoWent'power  of  surface  films,  40. 
Specific  gravity  and  density,  173-18G. 
diUnDinatioD    of,     by    bottle, 

173. 
detorminatioa    of,     by    hydro- 

muters,  i:7-!79. 
delenni  nation  or,  by  Sprcngel, 

tube.  174, 
detentiin^lion  of,  bj  Westplml 

btlnure,  17S-177. 

of  KHil-lor  oils,  18B. 

of  glyc«iin,   detsiniiDatioD  of, 

174. 
of  mineral  lubricating  oils,  101, 

172.  1*S. 

of  mired  felty  >cid»»t   — ^C., 

'  11)0" 
18S. 
of     mixed    wax     aleoholi     at 

J  00° 

of  rosin  oils,  185. 

of  TegetaMe  and  animal  [flied} 

oils,  104,  172.  19). 

ofwaiM,  1H4. 

■ reduction  of,  from  one  standard 

to  another,  180, 

redu'tion  lo  the  Tacnum,  178. 

—  reiuiioii  to  hydromeior  degrets 

[tabli),  17B. 

(see  also  Dtntitu). 

Specific  t<^]iei'alure  reaction,  203. 
Speno  oils,  acBlyl  yalue  of,  2fi0. 

trid.  free,  in,  213,  325. 

Arolio  and  Soutbem,  ooropari' 

ion  of,  S'J4,  32G. 

oharactem,  general,  of,  IIB. 

composition  of,  lie. 

'     ts  of  genuine,  315. 


11 B. 


aitiun  of,  from  the  blubber, 


Hashing- point  of,  syo. 

froeiing- point  of,  lUB,  325. 

ideiitificalion  of  the  unsaponi- 

fiable  matter  from,  230,  234,  320. 

iodine  Talne  of,  206,  3?5. 

— iodine    value   of   mixed    fatty 

acids  from,  2S5. 
iodine  value  of  nnsaponifiabte 

matter  from,  2rfl. 
lubricants  for  ligbt  machinecj 

aDdi|.ind1(R,  1(>7.  174. 
lubriosLits.  te,  purposes  suitable 

Ibr,  471, 
MsumeuL'  lalne  of,  325. 


mineral    oil    in,    detection    of, 

OKidiiBbQity    of,    comparative, 

267. 

oxygen,  ubaorjition  of,  by,  272. 

pro|ierliea   of    mixed    altohoU 

from,  230,  234,  214,  245.  321), 

refractive  index  of,  206, 

refractometer    value    of,     207, 

325. 


sts^^l 


eeparalion   of  iparmaeeti 

lin. 

Southern   and  Arctic,  compari- 
son of.  325. 

Southern  and  Arutic,  eouroes  of, 

Ti9. 

specific   gravity  of,    1S4,    325, 

326 

specifio    gravity    of    uuMponi- 

liabte  matter  from,  IfS. 

ataticcooilicieutof  friction  with, 

testing  of,  for  ndulterante,  324- 

328. 

uBsaponifiable  matter  in,    per 

cent.,  21)3,  3^6.  320. 

uneaponifiable   matter  in,  pro- 

perties  of,  230,  234,  344,  245,  326. 

unaaponiSable  matter  in,  yield 

of  acetates  from,  244. 

viscosity  of  and  effact  of  tem- 
perature on,  120,  167,  168,  326. 

Spermaceti,  ac«'tyl  value  of,  250. 

eom|io»i(ion  of,  245, 

iodine  value  of,  266. 

meltine-|iolnt  of,  204. 

aaponification  value  of,  222. 

aeparation  of,  from  aperm  oU,  119, 

specific  gravity  of,  IB4, 

unsaponiliahla  matter  in,  pi 

2S3. 

i^pinillo  Iwaring,  Parsons',  417. 

Spindle  oils  from  oatatki,  100. 

viscosity  of,  1(17,  168. 

Spindles   (textilf),    luhriisnts   u. 


47M. 


Si>ontaneous  iKniticn   of  oily   ragi,  etc., 
278-283. 

danger  of,  from  &o»  fal  ty  » 

in  oils,  279. 


I 
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'8pontaneou9  ignition,  inflaenM  of  the 
nature  of  the  fibrous  material  on, 
279. 

prevented  by  mineral  oil,  279. 

testing  oils  to  ascertain  their 

liability  to,  278-283. 

•Sprengel-tube  for  specific  gravity  deter- 
minations, 174. 

•Spring  (Walth^re) ;  welding  of  metals,  4. 

Staining  of  fabrics  by  lubricants,  463. 

•Stains,  oil,  cause  and  removal  of,  463. 

'Stauffer'  grease  lubricator,  436. 

43team-refining  process  for  mineral  lubri- 
cating oils,  96. 

•Steel  bearings,  877. 

43teinbnch ;  Reichert-Meissl  value  of  por- 
poise body  and  jaw  oils,  121. 

•Stock ;  corrosion  of  iron  by  free  fatty 
acids,  216. 

—  method  of  determining  melting-point 
of  grease,  201. 

Storch  ;  colour  reaction  of  rosin  oil,  293. 

determination  of  rosin  oil  in  mineral 

oil,  297. 

Stribeck  ;  friction  and  speed,  77. 

• friction  of  ball,  roller  and  plain  bear- 
ings, 88. 

Stroudley  s  oil-testing  machine  (drum), 
353-865. 

"* Sulphocarbou  oil*  (refuse  olive  oil),  112. 

Sulpnuric  acid,  free,  in  refined  rape  oil, 
313. 

— (Maumen^)  thermal  test  for  oils, 

260-265. 

Sunflower  oil,  freezing-point  of,  199. 

iodine  value  of,  255. 

.         iodine  value  of  mixed  fatty  acids 

from,  255. 

melting-  and  solidifying  points 

of  mixed  fatty  acids  from,  205. 
oxidizability    of,    comparative, 


267. 

—  refractometer,  value  of,  207. 

—  Reichert  Meissl  value  of,  242. 

—  8  iponification  value  of,  222, 
8j)ecific  gravity  of,  184. 


•  Sunned  oil,»  97. 

"*  Sunning '  process,  97. 

4Superficial  tension,  and  lubrication,  30-47, 

53,  54. 

and  solubility,  39. 

• at    interfaces  of    liquids    and 

solids,  36-38. 
caused    by  stresses    of   surface 

molecules,  34. 

— — ■ circum.stiinces  which  modify,  38. 

eHTect  of,   on  lubricating  films. 


63. 


Superficial  tension,  evaporation  related  to, 

39. 
influence  of,  on    behaYiour  of 

liquids  in  contact,  36-38. 
influence    of,    on    stability   of 

liquids  and  solids  in  contact,  36- 

88. 

measurement  of,  44, 

measurement    of,    by    Proctor 

Hall,  46-47. 

measurement    of,    by   rise    in 


tubes,  44. 

measurement  of,  by  film  tension. 


46. 


46. 


89. 


eflects    of    contamination    on. 


measurement  of,  by  wetted  plate, 

of  free  liquid  surfaces,  32. 

of  liauid  interfaces,  84. 

of  solid  surfaces,  36. 

of  water- film,  36. 

theory  of,  33-38. 

Surface  contamination,  6. 

energy,  proportion  to  surface  area, 

40. 
films,  solvent  power  of,  40. 

Taoliabub*8  standard  oil-freezer,  199. 
Tait ;  '  adhesion '  and  '  cohesiou,'  3. 
Tallow,  acetyl  value  of,  250. 

acid,  free,  in,  117,  212,  821. 

^— «  characters,  genera],  of,  117. 

oomposition  of,  117. 

constants  of  genuine,  316. 

for  grease-making,  107. 

iodine  value  of,  255,  321. 

iodine  value  of   mixed    fatty  acids 

from,  255. 
lubricant,  with  graphite,  for  heavy 

load-j,  472. 

melting-point  of,  204. 

melting-    and    solidifying-points   of 

mixed  fatty  acids  from,  205. 

refractometer  value  of,  207. 

Reichert  and  Reichert-Meissl  values 

-  of,  242. 

rendering  of,  117. 

saponitication  value  of,  222,  321. 

sources  of,  117. 

suspended  (insoluble)  impurities  in, 

321. 

8|iecific  gravity  of,  184. 

sfiecific  gravity  of  mixed  fatty  acids 

from,  185. 
testing  of,  for  adulterants,  etc.,  321- 

823. 
unsaponifiable  matter  in,  per  cent., 

233. 
valuation   of,    by  the    *  titre    test,* 

323. 
viscosity  of,  167. 
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Tallow,  water  in,  321. 

Tallow  oil,  characters,  general,  of,  118. 

■         composition  of,  118. 

.^^ Constanta  of  gen  nine,  815. 

■  —  expression  of,  from  tallow,  118. 

ioaine  Taloe  of,  255,  82S. 

lubricant,  used  for  mixing  with 

mineral  oil,  118. 

Maumene  thermal  ralne  o^  263. 

refractometer  valne  of,  207. 

• solidifying  point  of,  323. 

specific  gravity  of,  323. 

testing  of,  323. 

(see  also  Animal  ail). 

Tallow  'stearine,'118. 

Tar  oil,  specific  grarity  ot,  185. 

Tension,  superficial,  and  Inbric^ion,  30- 

47. 
Testing  of  Inbricants,  by  chemical   and 

physical  methods.  307-:529. 
by  mechanical  methods,  330- 

370. 

of  fixed  oils  and  fats,  312-327. 

of  mineral  oils,  808-312. 

of  mixed  oils  and  greases,  328,  329. 

of  nndescrilted  oils,  307. 

mschines,  mechanical,  380-870. 

mechanical,  cylinder  or  drum, 

332-364. 

— mechanical,  design  cl,  831. 

^— mechanical,  diisc  and  collar,  Z(4- 

369. 
mechanical,    dtse    aad    eoCar, 

suitability  of,  for  cil'tastiiig,  8*54. 

— ^ mechanir^,  TaliM  of,  %V/, 

— mechanical    '• 


Thar8ton*s  oil -testing  machine  {drum), 

method  of  working,  341-348. 
— machine  {druM)^  iwrticnlars  of 

machine  used  by  authors,  889-340. 
—  ^—  maehinet(/rM9ii),reBiiltsobtaiMHl 

by  authors  with,  844-846. 
Tilston*s  automatic  forced  Ivbiievtor,  440. 
Titre-t«t,  204. 
•  Tobin  •  bronze,  882. 
Tools,  lubrication  of  cutting',  481. 
Tortelli  (and  Bu<:^eiri);   determiuation  of 

arscbis  oil  in  olire  oil,  285,  2>»6 
Tower  (Beaochamp;,  abditi(Ai  of  frietMu 

and  wear  of  besrings,  8W8. 
experiments  on  pivot  frigiMm, 

64,  367,  4^. 
^—  frictiou  experimcifta  'r^erm'^e,^ 

50. 

on  Dollar  fne!*i*m.  i'/'z, 

'n  ]««iiknafur  M^  Wftjs '/!  W-f- 

iaicB.  400. 

tnstibr  mae^kiAt  '"J  ok  w  /^i^/,, 

8C7,  i^»*'i2i. 

t«hta*f'aiKiaa»     Vnw»  ,  :3^ 

824. 

i47,  -^      ' 


Ti:fU  '*«  Cr^:/^ 


inTentor*s  name];. 
Thermal  test  for  oils  with  bmnxac,  2S7' 

260. 
»— for  oils  «i:h   sslp&sre  md^ 

260-265. 
Thickened  oils  'see  Bl^,*rm  'mZi;, 
Thomson  ;  free  acid  in  oCa,  zL8L 
(and  BallancyBfe; :  ipeode  Cmp«n^ 

ture  reaction,  2(8, 
— changes  prodoeeii  by  bimnaa: 

mis,  122,  I2;J,  8l7. 
Threlfall's  antomatx  Iabri€ac«r  !br  (sylia- 

ders,  488. 

Inbrieator  fer  loenmnti^vm.  I3^ 

Thurston  (R.  H.  > ;  ezperiatnts  <mi  jtatk*, 

friction,  S2. 
the  ielcetioa  of  eeoaoaueil  loi^rlrttttM 

4»». 
Thurston's  oQ-tertiaff  maehin«   Vr»#tll^ 

description  of,  334-^541.  " 
machine  (drwm),  gmdu^an  of 

•ealeson,  33a 
_  maelii»  rfrww),  Umitied  r^Am 

o{;84d. 


'  C»iw«i  .^t«r>W  ■  M^A-  ■«•  p<|#*V  '^y,    >J/i' 

2514. 

in    >7*>.  ' 
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Yacutm  process  of  distillation,  96. 
Yalenta  ;  characteristics  of  bone  fiit,  322. 
determination  of  rosin  oil  in  mineral 

oil,  296. 
Vaseline,  identification  of,   in  unsaponi- 

fiable  matter,  230. 
■  iodine  valne  of,  256. 
Inbricant,   with  graphite,  for  heavy 

loads,  472. 

melting-point  of,  204. 

obtained  from  petroleum,  94. 

saponification  yalne  of  {nil),  222. 

specific  grayitjr  of,  184. 

Yaucher*s  antifriction  alloy,  389. 
Vegetable  oils,  distinction  of,  from  animal 

oils,  232. 

nsed  for  lubrication,  list  of,  106. 

(see  Fixed  oils). 

Villave<-chia  (and   Fabris) ;  furfarol  test 

for  sesame  oil,  292. 

observations  on  olive  oil,  292. 

Vince ;  friction  researches,  6. 

Virgin  (olive)  oil,  112. 

'  Visoom,'  for  thickening  mineral  oils,  126, 

303. 
Viscometer,  absolute,   description  of  an, 

133-135,  143-144. 

Coleman-Archbutt,  147. 

Doolittle's  torsion,  154. 

Engler's  standard,  161. 

Engler-Kunkler,  152. 

inlet  end  resistance  of  capillary  tube 

of,  27. 
— -  method  of  standardizing,  166. 
proportions  necessary   for  accuracy, 

27.      . 

Redwood's  standard,  144. 

results    obtained    by    standardizing 

Redwood'sand  Coleman's,  157-161. 

Say  bolt's,  149. 

I         standardized    commercial,   rules    for 

determining  viscosity  by  means  of, 

161. 
Viscometry,  absolute,  132-143. 

commercial,  143-169. 

Rhtxlin's  absolute  method  of,  143. 

Poiseuille's  absolute  method  of,  132. 

rules  for,  by  means  of  standardized 

commercial  viscometer,  161. 
Viscosity,  absolute,  definition  of,  18. 
absolute,   of  oils  determined  by  the 

Coleman  viscometer,  162-165. 
absolute,  of  oils  determined  by  the 

Redwood  viscometer,  166. 
absolute,  summary  of  determinations, 

167. 

cohesion  and,  16. 

•  critical  velocity  of  liquids  and,  23. 

• determination  of  (seealso  Viscometry), 

" direct  viscous  flow  and,  22. 


Viscosity,  effects  of,  on  friction  of  betringt^ 

66,  80,  345,  346,  395,  398,  462. 
— ^  effects  of  temperature  and  presmre 

on,  24. 

energy  correction  in  determining,  26. 

factitious,  126. 

heating    of  bearings    produced    by 

excessive,  491. 

mechanical,  22. 

nature  of,  15. 

of  castor  oil,  167,  169. 

of  glycerol  and  water,  determinatioii 

of,  136-140. 
of  glycerol  and  water,  table  of,  140- 

143. 

of  liquids,  16-28. 

of  oils,  precautions  in  determining, 

146. 

ofoUveoil,  167,  168. 

of  mineral  lubricating  oils,  102, 167, 

163,  169. 

of  rape  oil,  167,  169. 

ofUllow,  167. 

of  water,  determination  of,  136,  136. 

physical,  22. 

relation  to  oiliness,  346,  346,  364. 

sources  of  error  in  determining,  26. 

values,  expression  of,  156. 

Viscous  flow  and  lubrication,  16. 
conditions  determining  steady, 

24,  25. 

between  parallel  planes  having 

differential  motion,  16. 

by  gravity  between  fixed  planes, 

18. 

through    capillary    tubes,    21, 


24-27. 

Volatile  fatty  acids,  determination  of,  240. 
Volatility  and  flashing-points  compared, 

194,  310. 
Volatility,  determination  of,  191-194. 

of  mineral  cylinder  oils,  191,  194. 

of  mineral  lubricating  oils,  191,  810. 


Wakefield's    disc    sight-feed    cylinder 

lubricator,  447. 
Walker  (and  Robertshaw) ;  determination 
of  rosin  oil  in  mineral  oil,  296,  297, 
Waller  ;  determination  of  the  iodine  value 

of  oils,  256. 
Walnut  oil,  acetyl  value  of,  248. 
freezing-point  of,  199. 
iodine  value  of,  256. 
—  iodine  value  of  mixed  fatty  acids 
from,  255. 

melting-  and  solidifying-points 


of  mixed  fatty  acids  from,  206. 
oxidation  of,  increase  of  weight 


during,  268,  270. 
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l^alunt  oil,  refractive  index  of,  206. 

refractometer  value  of,  207. 

■         saponification  value  of,  222, 

8j>ecific  gravity  of,  184. 

Ward's  antifriction  alloy,  389. 

Wartha  ;  corrosive  action  of  oleic  acid  upon 
iron,  215. 

Watches,  lubrication  of.  474. 

Watch-glass  test  for  oxidizing  property  of 
oils,  l>66.  I 

Watch-oil,  Kelley's,  results  of  examination 
of,  121. 

Water,  as  a  lubricant,  491. 

detection  and  determination   of,   in 

oils  and  greases,  305,  306. 

density  of,  at  4M00"  C.  {table),  181. 

tension  stress  of  surface  film  of,  36. 

viscosity  of,  at20'*  C,  136,  136. 

Waxes,  composition  of,  104,  105. 

determination      of      unsaponifiable 

matter  in,  225. 

—  distinction  of,  from  fats  and  oils,  104, 
106. 

iodine  values  of  {table),  255. 

melting-points  of  {table),  204. 

properties    of    mixed    alcohols    ob- 
tained from  {table),  234. 

results  obtained  by    acetylation    of 

mixed  alcohols  from,  244. 

saponification  values  of,  222. 

siiecific  gravities  at  60*  F.  of,  185. 

unsaponifiable  matter  in,  per  cent., 

233. 

Wear,  estimation  of  losses  due  to,  600. 

of  cylindrical  bearings,  84. 

(relative)  of  lead  bronze  bearings,  379, 

380. 

Welding  of  metals,  4. 

Wellington  ;  on  friction  of  railway  vehicles, 
68. 

Westinghouse  ;  experiments  on  brake  fric- 
tion, 9,  10,  11. 

Westphal  balance  (hydrostatic),  for  deter- 
mining specific  gravity,  175-177. 

Wetting  of  solidA  by  liquids,  31. 

theory  of,  41. 

Whale  oil,  characters  of,    as    lubricant, 
119. 

— distinction  of,  from  sperm  oil, 

119. 

iodine  value  of,  265. 

iodine  value  of  mixed  fatty  acids 


Whale  oil,  saponification  value  of,  222. 

sources  of,  119. 

specific  gravity  of,  184. 

specific  gravity  of  mixed  fatty 

acids  from,  186. 
unsaponifiable  matter   in,    per 

cent,  233. 

use  of,  as  lubricant,  119. 

White  metals  for  bearings,  384-392. 

(see  Antifriction  alloys). 

Whitworth  ;  on  the  adhesion  of  metals,  4. 
Wicks,  examination  of,  489. 

flow  of  lubricants  through,  42,  43. 

lifting  power  of,  492. 

Wijs ;  reactions  occurring  in  Hiibrs  iodine 

process,  252,  256. 
Wys'a  process  for  determining  the  iodine 

value,  257. 
Wilberforce  ;  correction  for  kinetic  energy 

(viscomeiry),  26,  136. 
Wilhelmey ;    measurement    of   huperficial 

tension,  46. 
'Willans'    high    speed    engines,    crank 

chamber  lubrication  of,  475. 
Williams   (Rowland) ;    iodine    value    of 

tallow,  322. 
WUlist^ii  ;  on  '  Hyatt'  bail-bearings,  429. 
Wilson  (J.  Veitch) ;  acid,  free,  in  sperm 

oils,  213. 

characters  of  blown  oils,  122. 

flashing-point  of  sperm  oil,  326, 

flashing-|ioint8    and    volatility 

of  oils,  186,  191. 

oiliness  of  lubricants,  30, 

■         temperature  and  time  of  blowing 

oils,  122. 

volatility  of  oils,  191. 


from,  255. 

melting-  and  solidifying  points 
of  mixed  tatty  acids  from,  206. 

oxidizability    of,    comparative, 


267. 

—  refractive  index  of,  206. 

—  refractometer  value  of,  207. 

—  Reichert  value  of,  242. 


Winn's  piston  sight-feed  cylinder  lubri- 
cator, 449. 
Wolff,  C.E.  (and  Deeley) ;  on  lubrication 

of  plain  parallel  surfaces,  64. 
Wood  for  bearings,  393. 
Woodbury's       mechanical       oil  •  testing 

machine  {disc),  365. 
Wool-fat,  characteristics  and  identification 

of  mixed  idcohols  from,  231,  234, 

244,  246. 
determination    of, 

mineral  oil,  246. 
determination      of 

matter  in,  227. 

iodine  value  of,  256. 

iodine  value  of  mixed  alcohols  from, 

255. 

melting-point  of,  204. 

melting-   and    solidifying-points   of 

mix^  fatty  acids  from,  205. 
—  Reichert- Meisal  value  of,  242. 

saponification  value  of,  222. 

specific  gravity  of,  184. 


in    presence   of 
unsaponifiable 


Wool-fftt,  ■peeifie  gnritj  oT  tniztd  alcohols 

rrom,  ISA. 
anuponiStblB  mattar  in,  per  cant, 

233. 

viacosity  of,  1B7. 

Wool-wuc,  acetyl  Talue  of,  2M>. 

Wright  (Alder]  1   iodine  vatna  of  tallow. 


TouNO  (Thoa 
16. 


'Zeko'  metal 

Zinc,  objeL'tiii 
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